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REPORT.” 


To His Excellency, John 1. Rich, Governor of the Slate of Michigan: 

In compliance with the requirements of law, the State Board of Fish 
Commissioners herewith submits its tenth biennial report of operations. 
The period covered by this report is from October 1, 1890, to December 
1, 1892. | 

When it is remembered that the first successful experiments in the 
artificial propagation of fish on this continent were made at a time within . 
the recollection of persons now living, the progress that has been made 
and the results achieved in fish culture seem almost marvelous. | 

The first experiments were made by naturalists and were upon a very 
limited scale; but the work was continued and grew from an output of 
hundreds to thousands and then to millions and hundreds of millions. 
The original efforts were made from curiosity and the interests of scientific 
research, but the work has long since advanced beyond the stage of exper- 
iment, and has come to be for several years past a matter of state and 
national interest, receiving the recognition and support of the federal 


government as well as that of many of the states. 


Of all the states of the union none has taken a greater interest in this 
work, or done more than the State of Michigan towards the successful 
propagation and distribution of food and game fish, and it is mete that 
this should be so, for no state is more advantageously located to reap the 
fullest benefits of such work, with her extended fresh water coast line and 
her numerous inland lakes and streams. 

While much has been done in the State in the way of stocking the 


streams with game fish from which most satisfactory results have been 


attained, the work in which the State has outstripped all competitors is in 
propagating and distributing commercial food fish and especially the white- 
fish and wall-eyed pike. It is in this class of work particularly that great 


- output with relatively small outlay has been made possible. The inven- 


tion by one of the former employés of this Board, who sacrificed his life 


in his devotion to the work, of the Chase hatching jar, has been the 


means of greatly reducing the cost and labor attending the care and 
hatching of the eggs of these classes of fish, so that where before thou- 
sands could be hatched, now with the same labor and little additional — 
expense the hatch product reaches up into hundreds of millions. Almost 
the only limitation to the output that is attainable within reasonable 
bounds of expenditure, is caused by the difficulty in obtaining the eggs. 
This will be better appreciated when it is stated that it requires nearly a 
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hundred and thirty bushels of whitefish eggs to fill the present. Detroit ee, 
hatchery, i. e., 1,029 jars of four quarts each. When once the eggs are 
obtained and fertilized in takes little more labor for the succeeding four = 
months to attend to a thousand jars than it does with only half oes on 


number. 


The total plants of whitefish made by the State since 1874 reaches the oe “4 


large number of nearly 750,000,000, of which more than one-half have 
been made within the past wee years. oy 


The number planted in 1874 was little above a million and a half, and io 
the twenty million point was not reached until 1883, and the fifty million Y 


point until 1886, and the hundred million point until 1890. The present _ 
capacity of the Detroit hatchery and the small hatchery at Sault Ste. 
Marie will nearly reach two hundred million. Bre 

Considering that it takes from four to six years for the fry planted in — 


any one year to reach an age of maturity to make any considerable show ~ ‘ 
in the catch, it will be seen that we should naturally expect to be only 
just beginning to reap the benefit of the great plants that have been made — 


since 1886. Still it is a fact that for more than five years past the fisher- — 


men, who at first were inclined to make light of artificial fish culture, — , 


have been almost unanimous in the conviction that the work done by this 
Board in that line has resulted in great benefit to the fishing interests. | 


It is the subject of congratulation for ourselves and the State that we — : : a 


have at last succeeded in taking and fertilizing sufficient whitefish ova to 
fill all the jars in both the Detroit and the Sault Ste. Marie natcheries. 
Three years ago the Detroit hatchery was doubled in capacity, but owing 
to storms and other drawbacks, we were unable to obtain sufficient eggs 
to fill the house either last year or the year before. Last year our capac- 
ity for hatching whitefish was increased by the opening of the small 
station at Sault Ste. Marie, but although every effort and precaution was 
taken, it was found impossible to obtain eggs enough to fill both houses © 
owing to the prevalence of violent storms in the height of the egg-taking 


season. This difficulty is one that obtained generally, and we suffered no = 


more relatively than others engaged in the same work. Q 
The white fish hatchery at Detroit is undoubtedly the largest, best 


arranged, best eyuipped, most economical and most efficient in the world. i 


No other has begun to compete with it in output, and it is a source of 
much gratification to us that this season we have succeeded in filling every 
jar in it with fertilized eggs. 


It is a beautiful and inspiring sight to look upon its tiers of jars, more ‘ 


than a thousand in number, all filled and in active operation. 


We cordially invite the public generally and all interested in the subject oe 


to call and inspect it. It is something that nowhere else can be or ever 


has been seen, so large a quantity of eggs undergoing the hatching pro- ae ge 


cess with so little outlay or trouble. With the labor of but four attend- — 

ants this work now goes on almost automatically for upwards of four | re 

months before the hatching takes place. 
The most interesting time to visit the hatchery, however, is in the 


month of March when the embryo fish is leaving the shell, and when the — cae 
hatch is at its height the talk of millions and hundreds of millionsis best  — 
appreciated, for their numbers seem like the leaves of the forest or the 


sands of the seashore. : 


Tf£ it were possible for all the other states bordering on the great, lakes we 
to do relatively what Michigan has been and is doing in this line, and they _ 
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' were willing to do it, the question of restocking these waters would, with 
proper legal protection, be solved; but there are many things to be con- 
sidered. The most difficult part of the problem is to obtain and store the 
fish in a sufficiently sheltered location to permit of retaining them until 
they are ready to give up their eggs. The Detroit river is an ideal loca- 
tion for that purpose, when the fish are sufficiently plentiful. But some 
years the run is light and short and comes in the midst of storms that 
prevent a sufficiently large catch; while in less sheltered localities storms 
carry away the nets and render it impossible to hold the fish in the crates 
after they are caught. In many localities it is impracticable to do any- 
thing more than to strip such fish as are ripe when caught, while in the 
enclosed water of the Detroit river all the fish caught can ordinarily be 
safely kept alive in crates until the eggs are ready tocome. Still even 
there many difficulties and disappointments beset the work, through ice 
and storms and changes of temperature, and nothing short of long experi- 
ence and acquired skill and constant vigilance will insure anything 
like uniform success even under most advantageous circumstances. When 
any one exhibits as the result of a season’s work upwards of twelve hun- 
dred jars of well impregnated whitefish eggs, you may be sure it repre- 
sents much careful forethought and oversight, constant watchfulness and 
care, as well as considerable skill and hard and continuous work. It 
means the capturing and preserving alive and healthful and handling over 
and over again about twelve thousand fish and so manipulating them as 
to get all out of them there is in them, without injuring or destroying the 
fish. It means much patient, persistent and hard, cold and disagreeable 
work, as well as much practical skill. 

It is within the range of possibilities to make every acre of water more 
productive of suitable and healthful food for the human race than any 
acre of fertile dry land. Think for a moment what this means to a State 
situated as Michigan is! We hope the time will come when it will be 
thought extravagant and wasteful, and be made unlawful, to kill any val- 
uable commercial food fish during the spawning season, until after it shall 
have given up its eggs to be fertilized and hatched to take its place in 
replenishing the waters from which it was caught. If all the eggs of all 
the fish taken during the spawning season were impregnated and hatched, 
and ‘restored to the waters, and at the same time the culpable and wanton 
destruction of half grown ‘and immature fish were stopped, within a few 
years the waters would teem as of old with abundant supplies of all kinds 
of valuable fish. 

Hand in hand with the restocking of waters must go the prevention of the 
wasteful capture of immature fish, or the work is almost as bad as thrown 
away. The State cannot afford to hatch and plant fish fry to have them 
seized by greedy fishermen before they have half attained their growth, 
and when they are almost worthless for food. The only way to reap the 
full benefit of the work of fish culture is to prevent the taking or market- 
ing of the fish until they have reached a reasonable maturity. 

No valuable food fish ought to be allowed to be taken, killed, or sold on 
the market until after it has reached an age to have cast its first crop of 
eges—which means a growth of from three to five years. 

We believe it is becoming to be the opinion of a vast majority of the 
- commercial fishermen that adequate and suitable laws should be enacted 
and enforced for the protection and maintenance of the whitefishing indus- 
try; that these laws should be such as to disturb as little as possible and 
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interfere in the smallest degree with the nets and fishing outfits of the — : 


smaller fishermen whose entire capital is very likely to be invested in the 
- single net and outfit that he owns. 

The fishermen generally seem to be of the opinion that this would baat 
be accomplished by a law fixing the size of the whitefish that might be 
lawfully taken from the waters and sold in our markets, and providing for 
the confiscation of all whitefish of smaller than the lawful size wherever 
found; whether in the possession of the fisherman or of the dealer. This 


matter may be worthy of careful consideration for there is no doubt that 


any protective measure that has the cordial support of the fishermen 


will be more easy of enforcement than those that meet their heges 


disapproval. 
The question of a close season for whitefish has been much considered 
and is a very difficult one owing to the difference of dates of the spawning 


season in different localities. There can be no question that a thirty or " 
even a twenty days’ close season, at the proper time, would be of great — 


benefit, and would add largely to the success of the work done by this 
Board, ‘and the Board leave the question with the hope that all legislation 
looking to the protection of whitefish shall be intelligent and conservative, 
but of a character that will produce the result desired with as little annoy- 
ance, inconvenience and loss to those engaged in the business as is con- 
sistent with the thorough and effective protection of this most valuable 
food fish. 


The work of the Board for the two years embraced in this report has 
been eminently satisfactory when all things are considered. The output — 


of all fish except whitefish has been larger than in any previous two years, 
and the output of whitefish was about the same as for the two years next 
preceding, and greater than for any two years previous to that; and the 
relative falling off was less than in any other state in which whitefish are 
extensively propagated. 

The evidences of the success of all fish propagating efforts are more 


marked and more generally satisfactory than ever before. A large num- 


ber of gratifying reports of the success of the brook trout work have been 
received, and the enthusiasm expressed by those from whom letters have 
been received has never been equalled. 


The State has been transformed from a land barren from this beantifal | 


fish to one in which good trout fishing is abundant, and a reputation for 
the State in this regard has been firmly and widely established. 

Besides bringing the State into the front rank as a field for trout fishing 
for sport, which attracts thousands of tourists every season within its 
borders, the results of trout work have been to add many dollars worth 
of the finest food to the supplies of the farmers and others we in the 
vicinity of the trout streams. 


Indeed the firmest friends the Board and its work has today are num- — 


bered among the farmers and others whose homes are near the brooks and 
streams where the trout flourish best, and they are the ones most benefited 
by this work, and they appreciate the fact. 


There are hundreds of such streams in the State which may be said to 


almost teem with brook trout, as a direct result of the systematic, persis- 
tent and intelligent work of this Board. — 


The results of brook trout planting in streams are so open to inspection - 
and so easily observed and appreciated that it is not difficult to convince 
any caviller of its benefits by actual demonstration and proofs that cannot — 


j 
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be gainsaid, while with the commercial fish that inhabit only the wider 
and deeper waters, it is not so easy, in the nature of things, to bring 
absolute proofs, yet it stands to reason that if the relatively smaller oatput 
of brook trout can have produced such satisfactory results, the millions 
upon millions of whitefish and wall-eyed pike must have made a marked 
impression on the commercial fisheries. 

But the commercial fishes have never had half a chance. The appliances 
for catching these fish have been so improved, and the fishermen are 
so eager to take and sell all that comes to their nets, that but few of the 
fry planted are allowed to reach anything like maturity. There are over 
two thousand miles of nets fished in Michigan waters alone, and nearly all 
of them send immature whitefish to the market. Yet notwithstanding 
this, and the disposition of fishermen formerly to poke fun at scientific 
experiment, the increase of fish from artificial propagation has become so 
manifest, and has so impressed them, that it is the rare exception now that 
a fisherman can be found to decry the great work. The evidences increase 
every year, and the witnesses are volunteering their testimony, while the 
Reon that once was so vigorous and persistent has ‘almost entirely 

ied out. 


MEETINGS OF THE BOARD. 


Meetings of the Board are held monthly, generally at the office of the 
Board in Detroit, but occasionally as the demands of the work requires 
meetings are held at the Paris station and elsewhere as is most convenient 
for the consideration of the matters in hand at the time. At each meeting 
reports of the work done and progress made at the different stations during 
the past month and the requirements for the future are submitted and 
considered. ‘These meetings are nearly always attended by the full Board, 
the secretary and superintendent, unless unavoidably kept away. Full 
records are kept in substantial books of all the transactions of these meet- 
ings for future reference and inspection. 

Two members of the Board act as an auditory committee to approve all 
accounts and bills before payment. This committee for the past two years 
consisted of Mr. Whitakerand Mr. Post. All bills are in duplicate and must 
be O. K’d by the employé in charge of the work. The Board has since its last 
report inaugurated the plan of making all payments by check to the order 
of the claimant, which are signed by the secretary and the member of the 
auditing committee who passes on the bill. Receipted vouchers are 
required of all disbursements exceeding one dollar of a character where 
such vouchers are reasonably obtainable. Requisitions are required of all 
purchases of any consequence, to be approved by the member of the Board 
in charge of the work. 

The supervision of the different branches of the work is allotted among 
the commissioners for the purpose of distributing the responsibility and 
dividing the labor among the members. This is usually done at the June — 
meeting, but at the last June meeting no change of distribution was made. 
For the past two years the trout station at Paris has been in charge of Dr. 
Parker, the whitefish stations at Detroit and Sault Ste. Marie in charge of 
Mr. Whitaker except that during this last fall Mr. Post has aided in the 
work of the Detroit station, and the carp station at Glenwood and examin- 
ayon of waters and propagation of new species have been in charge of Mr. 

ost. 
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Meetings were held on the dates and at the places specified below, viz: 
In 1891. At Detroit, January 30, February 27, March 27; Paris, May, 2; 


Detroit, June 26, July 31, August 28, September 25, October 30, November ee 


27 and at Grand Rapids, December 30. 


In 1892. At Detroit January 29, February 26, March 18, 26,30; Grand — 


Rapids, April 1; Detroit, April 29; Paris, May 16; Detroit, June 3 and 11;. 
Grand Rapids, July 26; Detroit August 26, October 7, November 4 and 25. 


SAULT STE. MARIE STATION, 


The last Legislature having voted a small appropriation to maintain a. — 


whitefish hatchery on the Upper Peninsula, at Sault Ste. Marie, the Board 


visited that place in the summer of 1891 and prevailed upon the city to-- 


grant us the free use of water from the city water supply and to donate 
the use of a small store building for the period of two years ending 
August 1, 1893. It became necessary for us to ask this, since no appro- 
priation was made beyond the amount required to equip and run the: 
hatchery on the most economical basis. It was regarded and intended as 
an experiment only, to conclusively determine what the Board had long 


believed in, the advantages of a hatchery on the Upper Peninsula for 
hatching whitefish for planting in Lake Superior and vicinity. The . 
experiment has corroborated the views of the Board as to the utility and 


necessity of such a hatchery. The effort to plant fry in Lake Superior 
which were hatched in the Detroit house had proved disappointing and 
fruitless because owing to the higher temperature of the water at Detroit,. 
the hatch came on and was over before the ice in Lake Superior was out 
of the harbors and tugs could not be had to go out with the fry to the: 
spawning beds where the plants are required to be made. The difference: 
in temperature of the water used at the Sault was such as to retard the 
hatch about three weeks, which enabled us to plant the fry where they 
belonged. 

A small hatchery containing about 200 Chase jars for hatching white-- 


~ 


fish and such troughs for the hatching of salmon trout and brook trout as — 


the space in the building afforded was set up and equipped in the build- 


ing donated by the city, ready for use in the fall and winter of 1891. As ~ 


was feared, much difficulty was experienced in obtaining sufficient white- 


fish ova to fill the jars. Every reasonable effort was made. In addition - 
to making such provisions as opportunity afforded in the immediate vicinity, — 


nets were purchased and set in Torch Lake and in that neighborhood, and 


the fisheries on Traverse bay were visited, but the season was not propi--_ 


tious, and the violent autumn storms prevented the taking of eggs enough 


to fill the jars, nor did we succeed in obtaining eggs enough that season at ~ 


Detroit to fill the jars in the Detroit house. However the eggs which were- 
taken and placed in the jars at the Sault station were hardy and in good 
condition and hatched out strong and vigorous fry. The temperature and 
condition of water there is all that can be desired for hatching either the- 
whitefish or brook trout. 


It is deemed desirable to continue the experiment for two years longer,. — 


but to do so it will probably be necessary for the State to pay the rental. 
of the store at least, if not for the use of the water. The State cannot. 
reasonably ask of this community, whose means are small, that it shall 
bear so large a share of what ought to bea common burden. During the 


coming two years the Board expect to make further investigations so as- : 
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to be prepared, if everything remains favorable two years hence, to 
recommend a location and an appropriation for a permanent hatchery 
somewhere on the Upper Peninsula, which shall be on a scale suitable to 
the work required, and include an equipment for hatching both whitefish 
-and trout, and ponds for holding the necessary stock fish. This we are 
not prepared at present to do. 

The whitefish eggs which were put into this hatchery last year came 
partly from Tahquamenaw bay, partly from Torch lake and partly from 
the north shore of Lake Michigan and in the neighborhood of Detour. 
‘ ihre salmon trout eggs were mostly taken from the neighborhood of 

etour. 

There were brought to this station in 1891 one hundred and fifty thou- 
Bane te trout eggs from Paris, of which 135,000 were hatched and 
planted. 

An interesting experiment was made at this station with salmon trout 
eggs in a jar, the report of which by W. D. Sargeant, overseer, is as 
follows: 

“In regard to the experiment of running salmon trout eggs in a jar, on 
November 24, after being on trays twenty-five days, I placed in a jar five 
quarts of salmon trout eggs. I also on the same date placed the sama 
number of salmon trout eggs on trays. After placing eggs in jar I found 
that the ordinary fall of twenty-two inches from faucet to bottom of jar 
with faucet wide open was not of sufficient force to keep the eggs moving 
properly, so I connected the tube with the upper feed tank, getting a fall 
of five feet from faucet to ‘bottom of jar. The jar in this position required 
seven quarts per minute to run it, while it takes but four quarts per min- 
ute to run a jar of whitefish, and twenty quarts per minute to run a 
trough containing 200,000 salmon trout eggs. J had no trouble with the 
eggs in jar in any way, and the “ringers” as they would break 
would have no effect whatever on the other eggs, and I would have 
to siphon the bad eggs off but about once in two weeks. On March 15, 
after the eggs had been run in jar 112 days, I took them out, as they 
had commenced to hatch, and placed them on trays, and found there had 
been a loss in the jar of 23 ounces, or 148 per cent, while the correspond- 
ing number of eggs on trays had lost 82 ounces or 20 per cent up to the 
same date.” 

The number of salmon trout eggs put in this hatchery last year was 
300,000 of which 230,000 were hatched and planted. The first take of 
egos was on October 20 and the last on October 28. The first hatch Feb- 
ruary 24, and the last May 12. 

The number of whitefish eggs put in this hatchery in 1891 was 12,004,- 
800 of which 9,724,000 were hatched or a loss of 19 per cent. 

The first take of eggs was November 5, the last December 2. The first 
hatch in April and the last May 15. j 

The temperature of the water began November 15 at 42 and for the 
month ensuing varied from 42 to 38, and about January 1 ran down to 34 
where it remained without variation to exceed one degree either way until 
April 20, and from then till May 15 it did not go above 40. 


DETROIT STATION, 


Since the enlargement of this station in the summer and fall of 1889, 
very littile in the way of outlay for permanent alteration or considerable 


14 TENTH REPORT—STATE FISHERIES. ° 


repairs has been necessary. The changes then made were so satisfactory 
and complete and the work so well done that much in the way of additions 
has not been required. The necessary repairs to keep the property in first 
rate condition have been made as needed. Something of this nature is. ' 
required every year. The present season some repairs have been neces- 
sary on the troughs. Some of which have been in use for some time and 
had become somewhat decayed. | 

The ground lease of the premises on which the Detroit station is located 
expires July 1, 1893. As it was necessary before the lease expired to: 
ascertain what would be done about an extension of the lease or to cast’ 
about for a new location, the board interviewed the lessor, Mr. John 


Pridgeon, Jr., on the subject. The present lease was for ten years and | 


was at a rental of two hundred dollars a year. On July 14, 1892, a new 
lease was made for a term of ten years from July 1, 1893, at an annual 
rental of five hundred dollars, payable quarterly, with the right to sur- 
render the premises July 1, 1895, 1897, 1899 or 1901, on giving the lessor 
two months notice in advance. This increase in rent is not more than 
was warranted by the increase in value of the land during the ten years 
since the present lease was made, and was considered by the board as a 
very fair rental, and much more profitable than to attempt now to move to: 
a new location, even though a better one, as this involved a considerable 
- additional expense in building and equipping a new house or moving the old 
one. By the time this new lease expires the building will be about twenty 
years old and a removal will not be at so much of a sacrifice in value in 
that respect. 

It is manifest to the Board now that it would have been good economy 
in the first instance to have made a little larger outlay and purchased a 
location, instead of renting. The present location and the present build- 
ing and equipments, with the expenditure of enough to keep it in good 
repair, will probably answer all requirements for the coming ten years. 

There were put into this station in the fall of 1890, 111,564,750 whitefish © 
eggs, of which over 92 per cent, or 104,000,000, were hatched and planted. 
The first eggs were taken November 6 and the last December 11. The 
date of the first plant was March 30, 1891, and of the last April 30. The 
table of plants in the appendix shows the location and date of the several 
plants with the amounts planted in each locality. 

In addition to this in the spring of 1891 there were hatched in this. 
station 27,045,000 wall-eyed pike. These were all planted between May 12 ~ 
and 25. The table of plants in the appendix shows date, amount and 
place of each plant and to whom delivered. | 

In the fall of 1891 the number of whitefish eggs taken and planted in 


this hatchery was 73,858,800, of which 65,500,000 were hatched and — 


planted. The first hatch being on March 2, 1892, and the last on April 20. 
Ihe first plant was on March 19 and the last on April 23. The table of 
plants in the appendix shows date, amount and place of each plant. 

In the spring of 1892 there was hatched from this station 57,300,000: 
wall-eyed pike which were planted between May 25 and June 12. The 
table of plants shows the date, amount and place of each plant. 


PARIS STATION. 


. The repairs to this station during the past two years have not been 
great, owing to the satisfactory condition in which everything has remained. 
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since our last report. No additions or considerable repairs have been 
required on the hatchery. The building was so well designed to meet 
not only the then present needs but also the demands of the immediate 
future, that no increase or alterations of any considerable amount have 
been needed and only ordinary repairs have been expended upon it. It is 
as commodious and convenient a building for the purposes for which it was 
designed as exists anywhere. 

In the latter part of March, 1891, a flood occurred on Cheney creek, 
which washed down about thirty rods of the stone wall of the waste ditch, 
and also washed out a large hole at the foot of the waste ditch and the bot- 
tom of the large race that runs under the railroad. During the summer 
these injuries were repaired and the race under the railroad was rebuilt 
and extended to the dam below the railroad and a large new pond was built 
south of the race, and the ground and banks about this pond and extending 
up the bluff was graded and sodded. In repairing the waste ditch the 
walls were lowered and the banks rounded down to the top of the walls 
and sodded, which much improved its appearance. Ponds numbered 8, 
10, 11, 12 and 14 were rebuilt and improved by removing the bulk heads 
between each spawning and gravel pond and making provision for dividing 
them by a long screen during the spawning season so arranged that it 
could be moved at other times. The plank walls were removed and sloping 
walls of small cobble stone substituted, and the banks were lowered and 
rounded down to the water’s edge and sodded. The same repairs were also 
made on the wild pond by the wagon road, and the corners were also 
rounded. ‘These improvements add to the tasteful appearance of the 
ponds and the stone walls are found to be both better and more permanent. 

There was no adequate provision made in the new hatchery for office 
room, the office having before been kept in the wing of the old hatchery. 
This necessitated a good deal of going back and forth, and a consequent 
waste of time, and to obviate this an office and sleeping room were com- 
bined and the space under the stairway utilized. This makes a very con- 
venient office and affords a sleeping place for the person in charge, which 
at times saves the expense of a watchman. 

A large new refrigerator for the meat house and a new floor were also 
built. Other improvements and repairs consisted of painting the wind- 
mill and water tank, and building a register on the water tank. The car 
house was also battened and painted, and a boom was placed across the 
inlet to the ponds to carry off by the waste ditch the floating scum and 
dirt that was brought down by the current. 

An opportunity came to the Board to exchange some of its cleared land 
adjoining the station, and which did not border on the streams, for a forty 
acre lot through which Buckhorn creek runs, and which it was desirable 
for the commission to own for the purpose of controlling and protecting 
the waters of the creek. The forty acres belonged to John H. Westerman, 
and is described as the southwest quarter of the northeast quarter of see- 
tion nine (9) in town sixteen (16) north of range ten (10) west. 

The parcel given in exchange for it is described as commencing at a 
point on the section line between sections nine (9) and ten (10) jn said 
township, forty-six rods north of the quarter post, and running thence 
south, seventy-five (75) degrees east, thirty-five (35) rods and ten (10) 
links to the railroad right of way; thence northerly along the west side of 
said right of way to the section line; thence west on the section line to 
the corner of sections three (3), four (4), nine (9), and ten (10), and 


i 
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thence south on the section line to the place of beginning. The exchange — 
was made July 29, 1892, and besides the land Mr. Westerman was paid — 


two hundred dollars. The exchange was regarded by the Board asan : ; 


advantageous one for its purpose, and at the same time was a fair one to — 


Mr. Westerman. Before making the deal the members of the Board went 
over the ground and procured ‘the aid of the county surveyor to fix the 


lines and give the description of the parcel conveyed to Mr. Westerman. — 


December 15, 1891, there were shipped to the Sault hatchery 200 new 
egg trays made ‘at the Paris station, and on January 28, 1892, 55 more. 

December 25, 1891, there were shipped to the Sault hatchery 150,000 
brook trout eggs in ood condition. 

January 12, 1892, the stand pipe under the wate tank froze and it 
became necessary to put a stove in there and to keep up a fire on all very 
cold days. During the season of 1892 a wild race was put into the Buck- 
horn and another in Cheney creek and also two pockets near the mouth of 
the latter. 

The first brook trout eggs for the season of 1890-1 were taken Septem- 
ber 29, 1890, being seven days earlier than in 1888, and six days earlier 


than in 1889. The last were taken December 12, being seventeen days — 


earlier than the close of the season of 1888, and twelve days earlier than 
in 1889. The total number of brook trout eggs taken this season was 
2,836,000, and in taking and fertilizing the same 4,283 females were 
handled and 2 ,685 males, being an average of 663 eggs per female. The 
first were hatched December 8, 1890, and the last March 18, 1891; the 
hatching period covering a total of ninety- one days. 

Of the eggs taken 2,500,000 were hatched and distributed, showing a loss 
in hatching of a trifle over twelve per cent. The brook trout fry hatched 
were distributed and planted in 404 streams in fifty-eight different 
counties. 

Brook trout have now been planted in all the counties of the lower 
peninsula except six, viz.: Bay, Benzie, Huron, Missaukee, Sanilac and 
Wayne, and have been planted in three counties of the upper peninsula. 

In the season of 1890-1 there were taken 169,500 brown trout eggs, of 
which 156,000 were hatched and planted, showing a loss in hatching of 


- 13,500 or 8.14 per cent. The brown trout fry were distributed in thirteen 


streams i in nine counties. 
During the fall of 1890 there were caught with a seine in the Buckhorn 
and Cheney creeks 2,186 spawners, 2,171 yearlings and 743 babies, all 


brook trout, and 743 brown trout, making a total of 5,826 fish. The num- - : 


ber of stock fish was 7,276 brook trout and 1,800 brown trout. : 
In the season of 1891-2 the first brook trout eggs were taken September 


26, 1891 and the last January 5, 1892, and the first brown trout eggs were _ : 


taken October 14 and the last December 10, 1891. The whole number of 
brook trout eggs taken was 2,702,000. The first hatch was December 17, 
1891, and the last April 15, 1892. Total hatched 2,500,000, total planted 
2,413,000. The first plant was February 8 and the last April 28, 1892. 


The whole number of brown trout eggs taken was 287,000, of which 
275,000 were hatched and 271,500 planted. ‘The first hatch was January 


25 and the last March 24, 1892. The first plant was made March 4 and 
the last April 15, 1892. 
In the fall of 1892 there were caught from the creeks 1,800 willl brook 


trout. The number of stock fish was 7 800 brook trout and 1,800 brows ee 


trout. 
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SPAWN GATHERING. 
WHITEFISH. 


The ova of the whitefish for the Detroit station has been taken 
principally from the fisheries on the American side of the Detroit 
river. For the last two years we have handled all the fish taken on this 
side of the river, and in order to obtain what we required have been obliged 
to look after the fisheries pretty sharp at times. We have finally arranged 
to control all these fisheries ourselves, and the past season have hired the 
fishermen out and out and managed the fishing directly, owning and selling 
the fish caught. ‘ 

The catch of 1890 in the river was somewhat smaller than in former 
_ years, a portion of the fisheries were not run at all, including Craig’s and 
East point and several others, viz: Belle Isle, Red Shanty, Mama Juda 
and the Stock Farm were not well fished. Mama Juda,Stock Farm and Red 
Shanty were abandoned early in the season because the fish did not show 
up well, though it is likely if they had been continued some whitefish 
might have been caught. It has always been a difficult thing to control | 
the fishermen who conducted the fisheries. At Fort Wayne great trouble 
was experienced in the early part of the season from sunken logs and 
obstructions on the fishing grounds on which the nets caught and were 
torn, letting the fish escape. After the grounds were well cleared a reason- 
able number of fish were caught. A much larger proportion than usual of 
small males were taken, some very large males were also caught and the - 
females were about the usual size taken in former years. The fine condi- 
tion of the fish taken was noticeable, and the eggs secured were very fine. 
The whitefish came on very late and the run continued later than usual. 
This leads to the opinion that if the fisheries which were abandoned early 
had been continued better success would have resulted. 

No herring of any consequence have been taken on the river for the past 
three years, which seems very remarkable considering the large quantities 
that have formerly been caught here even at a quite recent date. 

The small tug or steam yacht “May H”’ was chartered for the season of 
whitefish taking, at the rate of seven dollars a day, the owner furnishing 
his own crew and fuel. The arrangement proved very satisfactory and the 
yacht was found a great aid in the work; she was again employed at the 
same rate in the fall of 1891, and in the season of 1892 another boat of like 
character was engaged in her place. The work has become so extensive 
and the fisheries are so far apart that it has become a matter of absolute 
necessity, as well as economy to have the use of such a steamer during the 
spawn taking season. 

The first whitefish eges were taken in the season of 1890 on November 
6 and they were taken on that date at every fishery on the river. The last 
eges were taken December 11. The cold weather coming on suddenly 
about 250 fish were frozen in at Grassy Island, remaining there till Janu- 
ary 7, 1891, and we were unable to get our crates out of the water. 

Two quarts of whitefish eggs were shipped to Prof. Jacob Reighard at 
the university at Ann Arbor for scientific investigation and experiment. 

On October 20, 1890, the superintendent went from Paris to Sault Ste. 
‘Marie to take whitefish eggs, and spent all his time until November 16 
in the search, going to every available point from the Sault. On account 
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of the scarcity of the whitefish it was impossible to secure a large number 
of eggs. He succeeded, however, in getting 6,794,000 first-class eggs, 
which were shipped to Detroit, and placed in the jars in fine condition. 


The number of whitefish eggs put into the hatchery was 120,288,750; | 
and on January 16 a measurement was taken to determine the loss i TE ona 
working off bad eggs and it was found there were left 111,564,750, or a loss. _~ 


of a little over seven per cent; indicating that the eggs were of the finest. 
quality and had been well handled. 

The fisheries from which the fish were handled in the fall of 1890 were 
‘the following: Belle Isle, Craig’s, Fort Wayne, Grassy Island, Mama 
Juda, Stock Farm and Red Shanty. The whole number of females crated 
was 3,131, of which 2,119 were stripped. The whole number of males. 
crated was 5,577, of which 4,589 were stripped. The reason of the discrep- 
ancy between those taken and those stripped is that of about 2,000 fish 
bought from Labadie and Reaume none were stripped because the females. 
were spent before they were received. 

For the season of 1891-2 preparations for whitefish spawn gathering 
commenced about October 15. The first whitefish were caught at Grassy 
Island October 20. At Fort Wayne fishery the fishing was commenced 
October 29 and the first catch October 30. At Stony Island the first 
catch was November 5, and at Belle Isle on October 31. The fishery 


on East point at Belle Isle, near the lighthouse, was fished this season for 


the first time in several years. The fish caught here were crated at the 
Willis fishery on Belle Isle. On account of the low water, only 188 fish 


were caught at the Stony Island fishery, and work there was abandoned 


November 18. On November 18 Mr. Dwight Lydell was sent to Point 
Mouille for eggs, but found that the whitefish had about quit running and 


that the fishermen were taking up their nets; he got only five quarts of 


egos there. 

All fishing on the river ceased this year on November 27. No fishing 
was done at Red Shanty, Stock Farm or Craig’s this season, and the Hast 
Point fishery was abandoned in the height of fishiug on account of heavy 
winds and cold weather, the men refusing to go out. The heavy wind and 
roily water also prevented the usual catch at the Fort Wayne fishery. 
Herring Bene was almost a failure this season, the total catch not exceed- 
ing 20,000. 

The total catch of whitefish at the different fisheries was as follows: 
Belle Isle 1,003 females, 2,275 males; Fort Wayne 347 females, 1,241 males; 


Grassy Island 644 females, 1,223 males; Mama Juda 543 females, 943 


males; Stony Island 80 females, 58 males; total 2,607 females and 5,740: 
males, of which there were stripped 2,203 females and 4,021 males. The 
egg taking continued until December 10, and the eggs taken were in fine 
condition. The whole number of crates used was 50, of which 12 belonged 


to the U. S. fish commission. The whole number of eggs taken was - 


73,858,800. 


The fisheries at Mama Juda and Grassy Island were operated by Messrs. 


Schufert and Cahalan under a lease from the United States, and the white- 
fish were handled by this commission by virtue of a condition in their 
lease reserving to us the right to handleall fish taken. This arrangement 
did not work satisfactorily to either. They were paying too high rent for 
the fishing privilege to be able to make any profit. The outcome of it all 


was that our board bought them out, both their lease and their fishing ae a 


outfits, and.then arranged with the government to remit the rent. 
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It has not been usual to include the work of the current season in spawn 
gathering in the reports, but as the preparation of this report has from 
unavoidable causes been delayed until the work has been completed for 
the season, and as there has been a change of plan in the matter of dealing 
with the fisheries on the river, it is thought desirable to relate it. The 
board has been from year to year acquiring more complete control over 
the fisheries of the river, as it became more and more necessary in order to 
obtain the requisite quantity of white fish ova, and has had more or less 
embarrassment growing out of the inefficiency and lack of push of those 
who engaged in the business of conducting these fisheries; it was there- 
fore this season decided to hire men to do the fishing under the manage- 
ment and control of the board. 

This insured complete ownership by the board of the fish, the sale of 
which it was expected would go a good way toward recompensing them 
for the increased expenditures. This necessitated an outlay for seines, 
boats and outfit, and put upon the board the risk of the financial success 
of the venture. A portion of the equipment and outfit had been accumu- 
lated before, as had become necessary in order to have the grounds fished. 
It greatly increased the labor and responsibility of the superintendent and 
the risks of the work, but it insured the right to control and direct when, 
where and how the fishing should be done. It required the hiring and 
subsistence for from forty to sixty days of about fifty men and ten horses 
and the use of a small steamer. The board controls eight fisheries, but 
only five were worked, viz.: East Point and Willis fisheries on Belle Isle, 
and the Fort Wayne, Grassy Island and Mama Juda fisheries below the 
city. 

The work of repairing the outfit, boats, nets, docks, platforms and 
grounds began as early as October 3. One new seine was bought and six 
old ones repaired. At the fisheries on Belle Isle the platforms, spiles and 
everything are required to be removed at the end of each fishing season 
and replaced before the fishing commences. . The steam tug or yacht 
“Bertie E” was chartered at seven dollars per day, commencing October 11. 
The crates had been stored at or near the Fort grounds and at Grassy 
Island and had to be repaired and removed and put in place at the different. 
fisheries. ) 

The fishing commenced at the Belle Isle fisheries on October 20, at Fort 
Wayne on October 24, and at Grassy Island and Mama Juda October 25. 
The early fishing at Kast Point was much interferred with by obstructions 
on which the nets caught and were torn and the same thing occurred some- 
what at the other grounds. The fish taken at East Point were crated at 
the Willis fishery, and those taken at Mama Juda were handled at Grassy 
Island. At Mama Juda no fish were caught till October 27 and the fishing 
continued there eighteen days till November 13, the catch being 854 or 
315 females and 539 males. On November 15 this crew was taken to the 
Willis fishery to fish as second crew. The number of fish caught at Fort 
Wayne was 2,001, or 815 females and 1,186 males. Of these, by the terms 
of our lease, 500 were given as rent to the post at the Fort. The fishing 
was carried on here 36 days and two nights, and 294 hauls of the seine 
were made, the catch averaging about seven fish to the haul. 

At East Point the fishing continued 21 days and two nights, the largest 
catch in one day being 387. The heavy wind interfered with the fishing 
here at the height of the run, as the ground is more exposed than at other 
fisheries. The night catch here did not amount to anything. Altogether 
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1,486 fish were caught here. At the Willis grounds the fishing lasted 35. 


days and ten nights, two crews fishing 24 hours a day during those ten 


days and nights. The best run on these grounds was between midnight 


and morning. The number of fish caught here was 5,636, making a total 
caught at the two Belle Isle fisheries of 7,822. The number of males strip- 


- ped here was 3,011 and females 4,001. After the fishing ceasedon Novem- __ y 


ber 24, a night watch was established and continued till the egg taking 
ceased and the fish were sold. 
At Grassy Island the fishing lasted 36 days and two nights, none were 


caught of any consequence at night. The largest day’s catch was 235 on ~ : : 


November 14. The good fishing lasted only about one week. The catch 
here was 8,152, or 1,618 females and 1,534 males. There were stripped 1,618 
females and 1,489 males. The eggs from here were shipped to the hatchery 


carried well. 


The total number of fish caught at all the five river fisheries was 13,074. _ 


The total eggs taken from these fish was 4,744 quarts or 142 bushels, mak- 
ing 173,630,400 eggs. Of these 625 quarts were packed in boxes and for- 
warded to the hatchery at Sault Ste. Marie. There were also taken at the 
fisheries on Lake Superior eggs enough to fill 43 jars, equals 172 quarts, 
which were also placed in the Sault hatchery. iM 

This is a larger catch of fish than has been taken at these fisheries on 
Detroit river in years, and it was accomplished by persistent and intelligent 
work, still it is certain that the proceeds ot the sales of the fish will not 
reimburse the Board for the money expended, and if the fishing had been 
done by those who were in it only for the money they could get for the 
fish they would have quit as soon as the heavy run ceased, and we should 
not have obtained the quantity of eggs we did. On the whole we are very 
well satisfied with the policy of doing our own fishing. 


WALL-EYED PIKE. 


In the season of 1891 Mr. Orr D. Marks, overseer of the Paris 


station, went on April 8 to Bay City to gather wall-eyed pike eggs 


at the mouths of the Kawkawlin and Saginaw rivers. He arranged 
to take the hard and unripe fish and crate them in the rivers. The fish 


were taken from nets about two miles out in Saginaw bay and transported — 


in wash tubs to the crates, which were located in sheltered places near the 


mouth of the rivers. There were crated in this way in Kawkawlin river — 


290 females and 98 males, and in Saginaw river 281 females and 99 males. 


fs > 


at Detroit in whitefish cans, in water, about 20 quarts to a can. They — 


Arrangements were also made with fishermen who were fishing off the. 


beach to hold their fish till ripe in nets, but the storms chafed holes in the 
nets and all the fish in them were lost. The eggs of the fish that were ripe 
when caught were taken at the nets. 

The first eggs were taken April 11 and the last on April 24. There 
were taken in all 64,531,400, and hatched and planted 27,045,000. They 
were in the jars 26 days before hatching. There were handled the fish 
caught from eight strings of nets (30 pound nets) and. eight men were 
employed in the work for the Board. 

In the season of ‘1892, Mr. Orr D. Marks went about April 12 to Bay 
City to look.after the wall-eyed pike work. He had considerable difficulty 
in making satisfactory arrangements with the fishermen, who at first 
refused even to let a man go in the boat with them to take the eggs from 
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the fish as they came from the nets, and were unwilling to allow the fish 
‘to be crated except at exorbitant rates. He finally succeeded in getting 
some privileges from some of the fishermen. He handled fish from eight 
strings of nets (32 pound nets) and gathered about 28,164,000 eggs. The 
catch was very light and the fishermen began taking out their nets about 
April 30. The winds were heavy and the waters roily and the fish kept 
off the shore. 

On May 3 he went to Robert’s Landing on St. Clair river, where the 
fish were caught in seines and crated. There was an extra good run of fish 
and they took 194,020,000 eggs. 

The number of eggs taken was greater than in any other season, but the 
loss in hatching and after hatching was also unprecedented. For some 
reason, perhaps roily water and high temperature, the eggs fungused badly 
and many were destroyed, and the fry when hatched were many of them 
weak and soon died, and besides we had the misfortune to lose 4,000,000: 
on the car in transportation; so that while we took 222,184,000 eggs, we 
hatched only 81,780,000 and planted only 57,300,000. 

The Saginaw bay eggs were put in the jars April 18 to 29 and were 
hatched May 13 to 19; the eggs taken’ on St. Clair river were put in 
the jars May 4 to 23, and hatched May 24to June 7. The first 
plant was May 25 and the last June 12. 


INTERNATIONAL FISH CONFERENCE. 


Growing out of a suggestion made by A. D. Stewart, secretary of the 
Ontario Board of Game and Fish Commissioners a meeting was held 
October 12, 1891 at the Fifth Avenue Hotel in New York City of the fish 
commissioners of Ontario, New York and Pennsylvania, with a represent- 
ative of the United States Fish Commission and some others especially 
interested in fish and game culture and protection. The object of the 
meeting as stated by its chairman, Hon. Robert B. Roosevelt of New York, 
was: “Protection, preservation and propagation of food fish in the great 
lakes.” None of the members of our board were able to attend this meet- 
ing, but acommittee was appointed at this meeting to meet at Rochester, 
N. Y., on November 10, 1891, to consider and formulate a report to be 
made to a later meeting to be called by the chairman, with power to add 
to their number; and an invitation to attend having been extended to the 
members of our board, Mr. Post attended the meeting at Rochester. This 
committee meeting was presided over by General Richard U. Sherman, of 
New Hartford, New York. ‘here were present commissioners from 
Ontario, New York, Pennsylvania and Michigan, and representatives of 
the United States commission and others, prominent among whom were 
Judge George F. Danforth, State Senator Donald McNaughton and Frank 
J. Amsden of the Cheap Food Fish Association of New York, and repre- 
sentatives of the Anglers’ Association of St. Lawrence River. 

The matters considered by this committee related to the restocking of 
Lake Ontario with whitefish and the enactment of uniform laws and regu- 
lations by all the states bordering on the great lakes, and Canada, for the 
protection of fish and game. Incidentally there also came up for dis- 
cussion a resolution upon the advisability of turning over the main work of | 
the state commissioners to the United States commission. On this latter 
subject a very strong resolution was adopted expressing decided disap- 
proval of any movement looking towards turning over to the United States. 
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~ government the work of the state commissions in propagating and planting 

commercial fish in the great lakes; that the jurisdiction over the fisheries 
within the boundaries of the state belongs naturally to the state, whose ~ 
interest in their success is paramount to that of the United States asa ~ 
whole; and that there is abundant field for the concurrent action of the 
bordering states and of the general government, and that anything which 
would detract from the state’s interest in this matter will be detrimental to 
the end aimed at, of restocking the waters of the greatlakes. <A resolution 
was also carried recommending the adoption of laws forbidding the taking 
or having in possession of salmon trout and whitefish of less weight than 


two pounds each, or bass of less than one pound, or blue pike of less than 


three-quarters of a pound; also recommending to congress the importance | 
of authorizing and directing a full and careful biological survey of the 
great lakes under the supervision of the United States fish commission; 
also recommendiny that each member of the committee take the text of the 
game and fish code prepared by the New York commissioners and indi- 
cate thereon what p~ovisions would be acceptable to them and what 
changes they would advise, and report the same at the final meeting of the 
conference. | | 3 

On December 8, 1891 a further meeting of said conference was held at 
Hamilton, Ontario, at which Mr. Whitaker was present. Of this meeting — 
Senator McNaughton was made ghairman. The report of the committee 
which met at Rochester stated that they had not deemed it practical to 
fix on such provisions in detail as would be requisite to form a uniform 
code applicable to both countries; that special needs depending upon 
geographical conditions, on chmate, on different prevailing modes of leg- 
islation and of administering laws, forbid such uniformity, but that 
approximation in general features and leading measures may be made to 
go far towards the attainment of the practical ends desired; they recom- 
mend, as the two leading measures necessary, protection and multiplica- 
tion, and to make these effective, concert and harmony of action between 
all the government authorities interested; they also recommend the 
prohibition of net fishing within a mile of the shore line and the require- 
ment that all pound and gill nets set outside this limit be not less than 34 
inches stretch, and that the sale or possession of any fish of less than speci- — 
fied weights be made illegal, viz.: Salmon trout and whitefish two pounds, 
bass one pound, blue pike three-fourths of a pound, and that artificial 
propagation to the largest available extent be established and prosecuted. | 
They recommended the system of protection in vogue in New York, which, 
in brief, is a distinct protection department, acting by itself and within 
itself, its members holding office only by good conduct, and having a head to 
direct and a working force at all times prepared for duty, properly com- 
pensated by the state for services and expenses, and with the constant 
duty of watching for and preventing violations and conducting 
prosecutions. 

The resolutions adopted at the Rochester meeting were also adopted by 
the conference, except one to which the following addition was made, on 
motion of Mr. Whitaker, and then adopted as amended, viz»: 

“Resolved, That the United States commissioner be requested to urge upon congress 
the necessity of granting an appropriation to permit the detail of a force of competent 
and skilled persons to ascertain and mark in detail upon suitable charts for public use 
and distribution, the location of the spawning beds of the whitefish, salmon trout and 


other commercial fish in the great lakes, whereon the fry of these fish artificially prop- 
agated may be placed where the fish naturally cast their ova.” 


* 
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This meeting adjourned to meet in Detroit on the first Tuesday of 
‘October, 1892, but when the time came, a postponement until after election 
was deemed desirable. | 

The final meeting was held at the Cadillac hotel in Detroit, Michigan, 
on December 20 and 21. There were present at this meeting, among 
others, Samuel Wilmot, of Ottawa, Canada, Superintendent of Fish 
Culture of the Department of Marine and Fisheries of the Dominion of 
Canada, Edward Harris of Toronto, Ontario, Thomas Marks of Port 
Arthur, Ontario, W. B. Wells of Chatham, Ontario, of the Ontario Game 
and Fish Commission, L. D. Huntington, William H. Bowman and Edward 
P. Doyle of the New York Fish Commission, C. V. Osborne, of the Ohio 
Fish Commission, W. P. Andrus and Robert O. Sweeney of the Minnesota 
Fish Commission, E. W. Gould of Searsport, Maine, Commissioner of Sea 
and Shore Fisheries, Frank N. Clark of Northville, Michigan, of the U.S. 
Fish Commission, Frank J. Amsden, of Rochester, N. Y., of the Cheaper 
Food Fish Association, and Herschel Whitaker, Joel C. Parker and Hoyt 
Post, of the Michigan Fish Cemmission, Charles 8. Hampton, Michigan 
Game and Fish Warden, C. M. Keyes of Sandusky Salt Fish Co., A. G. 
McDonald of Buffalo Fish Co., James Craig, William Craig, A. Soloman, 
John J. Speed, William Dupont, L. C. Hough, W. W. Griffin, John 
Zimmerman, Otto H. Rusch, C. H. Moore, George C. Green and S. R. 
Kingsley. Mr. Whitaker was made chairman of the meeting, and Mr. 
Amsden secretary. 

The following resolution moved by Mr. Post was carried unanimously, 
“ViZ.: 
“Resolved, That it is the sense of this conference that the necessity exists for an effi- 


cient and uniform system of protective laws, by a paid Fish and Game Department, on 
the general basis of the New York laws.” 


On motion of Mr. Gould the following were unanimously carried, viz.: 


“WueErREAS, The different State Fish and Game Commissioners are more in touch 
Wine the laws and their defects throughout the entire State where they may hold 
office. 

*“Anp WHEREAS, By virtue of their knowledge of the genera] requirements in a given 
instance being greater than that of the laity at large. 

“Anp WHEREAS, By reason of their office and intimate knowledge of the needs they 
-are called upon to make suggestions during legislative sessions. 

“ Resolved, That in the opinion of the International Conference it is plainly the duty of 
the State Commissions to make such recommendations to their respective State legisla- 
tures as their experience in the practical workings of their laws regulating the taking of 
fisi: may dictate. 

“Resolved, That the States are fully competent to make wholesome laws for the pro- 
‘tection of their fish and game. 

“Resolved further, That where in any case from lack of intimate knowledge of the 
habits and tne place in the ecomony of nature of any given species of fish, the commis- 
sioners shall advocate such restrictive legislation as will leave no doubt as to its effi- 
ciency, until such investigation has been made as will enable them to give intelligent 
recommendations on the subject.” 


Dr. Sweeny presented the following resoiution which was adopted, viz.: 


“ Resolved, That in the judgment of the conference, there should be a close season for 
bass, and that such season should be between the first of April and the 15th of June, 
and all kinds of fishing, including spearing, should be prohibited in the close season.” 

On the question of a close season for the commercial fish of the great 
lakes, after considerable discussion developing some differences of opinion, 
a committee of conference was appointed to formulate a report embodying 
the views of the committee, to be presented to the meeting for its action. 
This committee consisted of Messrs. William H. Bowman, W. P. An- 
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drus, J. C. Parker, E. W. Gould, C. M. Keyes, R. O. Sweeney, ke G: 
McDonald, Herschel Whitaker, with .Samuel Wilmot as consulting 
member: wh 

The committee reported as follows, and their report was accepted and 
adopted, viz.: = 

“1. That all small fish and others unfit for food, of all kinds, when taken - 
in nets should be replaced in the waters when taken alive, that fishermen 
should not be allowed to take such fish on shore nor expose them for sale. 

‘2. That no strings of pound nets used in the lakes shall extend more 
than four miles from shore. 

“3. That one-half part of all channels between islands or elsewhere, 
where fish migrate to spawn, shall be kept free from nets of all kinds at 
all seasons. 

“A. That all whitefish taken of less than sixteen inches in length, and 
all salmon trout less than two pounds in weight, shall be immediately 
returned to the waters where taken and shall not be exposed for sale. 

“5. That the month of November in each vear be made a close season 
for whitefish, herring and salmon or lake trout. : 

“6. That all penalties fixed for violation of any laws that shall be 
enacted shall be made not only to apply to those who take fish, but also to. - 
all persons who buy, sell transport or have the same in possession.” | 

The following resolution was also passed, viz.: 

“ Resolved, That the law should authorize the seizure and destruction of nets used im 
violation of law.” 

The members of the conference went, on the invitation of the Michigan. 
Fish Commissioners, to visit the Detroit hatchery, and on the invitation of 
Mr. Wilmot, visited the hatchery at Sandwich, Ontario. An invitation — 
was also extended to them by Mr. Clark to visit the U. 8S. hatchery at 
Northville, but as this necessitated remaining over another day, his court 
esy had to be declined. 

On the evening of December 21 a banquet, which had been tendered ve 
the conference by the citizens of Detroit, was served at the Cadillac hotel. 
A beautiful spread was laid and upwards of thirty guests partook of the 
bountiful and elegant repast. 


KELS. 


Inthe summer of 1891 Mr. Orr D. Marks, overseer of the Paris station, 
with the car “ Attikumaig” and four assistants,went to the Hudson river, 
near Troy, New York, to “get silver eels for planting in Michigan waters. 
The car made two trips, bringing about 125,000 on the first trip and about. 
175,000 on the second trip. Mr. Marks left Paris June 9 and found the 
ear and his assistants awaiting him at Detroit. They arrived at Troy June 
11 and found the old grounds where they had taken eels before, all right, and 
shifted the car to Green Island so as to be near enough to the work to be 
able to live in the car. The bushes were put in the same day and the next 
morning they lifted 20,000 eels. ‘On June 15 they had 150,000, but the: 
next day lost half of them by their worrying themselves out in the floating: 
boxes in which they were deposited. After that they put a bunch of 
willows, the same as the eels were caught in, into each box, and lost no: 
more. June 20 the first load was taken to Michigan, as it was found the 
eels would not live if kept too long in the floating boxes. Two men were 
ire to continue the catch. The first load was planted and the ear left — 
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Detroit on June 30 for the second trip, arriving at Troy July land leaving 
the same day, arrived in Detroit on the return, July 2. The whole number 
planted was 278,000 and they were planted between June 24 and July 3. 
The detail of the plants is given in the appendix. 


CARP. 


No extended improvements or repairs have been required to be made to 
the ponds or buildings at the carp station, and the expenses for the last. 
two years have not exceeded the estimates. 

The demand for this fish has been fully as great as in former years. All 
applicants have been supplied except a few from whom no replies were 
received when notified that shipments would be made upon a certain date... 
It is not unlikely that we will be able to fill next year’s orders with year- 
ling carp. We will certainly be able to do so if the stock now on hand 
winters well. 

In some localities much interest is being taken in the raising of these 
fish; in others no particular attention is paid to them. It seems quite pos- 
sible that in the near future carp will become a staple upon the fish mar- 
kets of the country. The following, taken from the December, 1892, 
number of the American Fish Culture, published at Alliance, Ohio, 
indicates that this fish has already appeared upon the markets of that state, 
and that it brings a fair price: 


“LAKE ERIE CARP, THEIR PRICE, THE DEMAND FOR THEM.” 


“‘ By the overflow and breaking away of ponds, the stocking of streams by fish com- 
missioners with surplus carp from the hatcheries, the carp have worked their way into 
Lake Erie, have multiplied and thriven until, during the fishing season just closed, 
quantities of them were taken in the pounds as well as in the gill nets of the numerous 
individuals and companies who make a business of fishing in this great lake, which, by 
the way, is the great fishing ground in the chain of lakes, and is peculiarly the 
whitefish lake. What do these fishermen do with the earp when they have caught 
them? ‘This is a pertinent question and its answer is of great interest to all those per- , 
sons who have been raising carp. All fish taken are assorted and each kind, when there 
is enough of them, are put into boxes which hold two hundred pounds, and these boxes 
are then taken to the fish warehouses of merchants who make a specialty of shipping 
them to retailers, etc. Well, the carp are assorted in this same way and sent to these 
same merchants, who are not only glad to get them, but cannot get enough of them, 
and they very gladly pay the same price for them as they pay for the famous whitefish, 
which has always been considered the best fish in the Jake. For instance, when the 
warehouseman paid six cents a pound by the box for whitefish, they then paid six cents 
a pound by the box for carp. In this connection I wish to say that many of the finest 
restaurants and hotels in this State today have German carp on their bills of fare as 
often as they can get the bill of fare to warrant it. I want to take an exception to their 
calling them German carp, they are no more German carp, than a child born of German 
parents, in this country is a German. They are American carp. Among the many 
restaurants in Ohio that have the carp regularly on their ‘bill of fare’ is the Stranna- 
han restaurant in the Arcade building in Cleveland. This is one of the best conducted 
and most successful eating houses in that great city. Every day they feed thousands 
of people, including many of the epicures of the city who take their mid-day lunch 
there, and every other day carp is the fish on their bill of fare. Facts like these knock 
over the silly twaddle of writers who are seeking a cheap notoriety in condemning not 
only the carp. but the commissioners for bringing them to this country, and who know 
nothing of the merits of the fish, and have not attempted to learn. A few years more 
when the carp can be supplied regularly and in sufficient quantities to hotels and res- 
taurants to answer their purpose and it will be one of the staple fish of this country, 
and the enterprise that furnishes them alive to the market will be well rewarded.” 


4 


; 
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WHITE BASS. 


On May 21, 1891, Mr. Walter D. Marks, the superintendeut, left Detroit 
for Winneconne, Wisconsin, where he had been the year before, for the 
purpose of continuing the experiment of hatching white bass. On arriv- 
ing at Milwaukee he learned from the superintendent of the Wisconsin. 
fish commission that the fishermen had taken their nets out of Wolf river 
at the instance of the game warden. They went together to Madison to 
see the game warden, who declined to allow any nets to -be set in Wolf 
river at Winneconne, as he had some difficulty with getting the fishermen 
to withdraw their nets, and it would not do to let any nets go back there. 
Mr. Marks then arranged with the Wisconsin superintendent to operate 
jointly with him at Lake Mendota, near Madison, where the fish were very 
plentiful. The white bass were present also in large quantities at Winne- . 
conne, and Mr. Marks could have done his work there in a short time and 
with. better success than at Madison, because he knew the grounds and the 
fish there were ripe. He spent one day at Winneconne and caught 270 
white bass with hook and line. May 27 he moved to Madison, there he» 
set nets off a bluff across the lake and found the fish in shoal water, from 
one to ten feet, and very numerous. Heset twenty rods of nets close to 
the shore and caught thirty bass, all males and ripe. He then got a small 
seine and hauled it by hand and caught 70, all males. He then tele- 
graphed to Winneconne and got more nets, and on May 28 set them in 
deeper water and there got females which were very large and ripe. He 
caught them for four days. On June 2 the first hatch was made. In 
water at 60° they hatched in 46 hours. He managed to set up a Chase jar 
and took two quarts of eggs off the boxes and put them into the jar and | 
found they worked very well in the jar. He lost 500,000 that hatched in a 
box, owing to the screen being too coarse. The eggs and fry are so small 
it is difficult to retain them in any screen. He also lost about 200,000 by 
the bursting of a fine screen in a tank where he had them stored. He 
succeded in hatching 5,000,000 one half of which were turned over to the . 
Wisconsin commission. The rest he placed in 25 cans of 100,000 each, and 
brought to Michigan and planted. They were put into the cans on June 
6 at 10 a. m., not two hours old, and they were carried in these cans in 
peed condition for 72 hours before planting. They were planted on June 

in Goguac and Gourd Neck lakes, in Calhoun county; in Clear lake, 
Livingston county; in Gravel lake, Van Buren county, and in Orchard 
and Black Walnut lakes, Oakland county. 

For details of plants see appendix. 


THE AMERICAN FISHERIES’ SOCIETY. 


This society has been in existence upwards of twenty-one years but not 
all the time under its present title. It meets annually at different cities. 
Its membership is composed of persons engaged or interested in fish cult- 
ure. Its annual meetings usually last two days. Papers prepared with 
much care are read at these meetings and discussions are had upon all 
sorts of points and questions involved in fish culture. The papers cover 
a wide range and treat of almost every subject of practical experience and 
much of scientific research connected with fish culture.. The record of 
its transactions contains a history of almost all that is known or has been 
done in the progress of the art. Its meetings have been entertained by 


2» 


TENTH REPORT—STATE FISHERIES. 27 


‘papers and discussions from the most learned specialists, and from those 
-of the broadest practical experience and knowledge. It has for several 
years numbered among its members the fish commissioners of the several 
states that have taken the greatest interest in the subject, to whom it has 
been an invaluable aid in disseminating the experience and knowledge 
acquired by each among them all. At the last meeting of this society 
held at the Holland House, New York city, the several fish commissioners 
of the United States were declared members of the society by virtue of 
their office. The United States Fish Commission and all its efficient 
corps of scientific and practical assistants have for several years been 
connected with the society and make it a point to attend when they can, 
and frequently prepare papers to be read at its meetings when they are 
‘unable to be present. The members of our board attend such of its meet- 
- ings as they can. We regard this society as an important factor in the 
‘progress and success of fish culture. 

Among the subjects discussed at the last meeting was that of planting 
fingerling trout instead of fry, and elicited much interest. On this sub- 
ject papers were read by Mr. Frank N. Clark of the United States hatch- 
ery at Northville, Mr. Fred Mather of the New York commission, Mr. 
James Nevin of the Wisconsin commission, and Mr. Herschel Whitaker 
of our Board. The discussion was very general. Mr. Whitaker’s paper 
appears in the appendix. The conclusion reached by the representatives 
of the states which have done most in the work, notably Wisconsin, New 
‘York, Pennsylvania and Michigan, was that in view of the unqualified 
‘success which had heen heretofore attained through fry planting alone, 
and the greatly added expense of rearing any considerable number of trout 
to be yearlings before planting, it was unadvisable and impracticable, when 
the work was carried on upon anything like a large scale, to supplant fry 
planting with that of yearlings, however well it might answer as an inter- 
esting experiment on a small scale. 

Another subject that aroused much interest at the meeting was 
“* Nationalism in State Fisheries” on which a paper was read by Mr. ©. A. 
Chamberlayne of the Boston bar, or “State Control of State Fisheries ” 
the subject of a paper read by Mr. Hoyt Post of our Board. The latter 
paper appears in the appendix. What gave rise to these papers, and aroused 
the interest that was felt in the subject, was the fact that the menhaden 
fishermen who had been made to suffer the state penalty for unlawful 
fishing with purse seines in Maine and Massachusetts waters for menhaden 
which they ground up into fertilizers, had undertaken under the guise of a 
brief and harmless looking act known as the Lapham bill, to have Con- 
gress extend the jurisdiction of the federal government and put under 
the control of the United States Fish Commission all fisheries in navigable 
waters. This bill was defeated through the energetic opposition of the 
Fish Commissioners of Maine, Massachusetts, ‘(New York and Michigan, 
and the zeal and untiring industry and efficient labors of the aforesaid Mr. 
C. A. Chamberlayne; but was again presented in a slightly modified form 
and again defeated. The outcome of the discussion elicited by the reading 
of these papers was the unanimous adoption of the following resolutions, 
V1Z.: 

“ Resolved, That this society regards with disfavor any movement looking towards 
‘the turning over to the United States government the work of the said commissions in 
propagating and planting fish, and in the regulation and protection of the fisheries in 


the several states. That the jurisdiction over fisheries within the territorial boundaries 
-of each State belongs naturally to that State. That there is an abundant field for the 
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codperative action of the State and of the general government in the propagation and. 
distribution of food and game fish, and anything which would detract from the State’s. 
interest in this respect will be detrimental to the end aimed at of restocking the waters. 
of this country; and we recommend a course which will encourage and stimulate 
greater interest and larger expenditures in this great work by the several States, and at 
the same time increased interest in the matter by the United States. And be it further 

“* Resolved, That the purposes and aims of this society are in direct antagonism with 
any business which leads to the depopulation of the waters to enrich the Jand, and we’ 
therefore condemn purse seining of Menhaden or any fish food, or food fish, for the 
purpose of grinding the same into guano or oil, within three miles of the shore, at low 
water mark.” 

Dr. J. C. Parker of our Board was vice president last year and as such 
presided over the last meeting. 

The next meeting will be held at or near Chicago during the World’s: 
Fair. 

Mr. Herschel Whitaker of our board was elected president of the society 
for the ensuing year. 


EXAMINATION OF WATERS. 


The work of systematic and thorough examination of the inland lakes: 
and larger streams of the State, which was inaugurated in 1883, has been 
continued during the past two years. There were examined during the: 
summer of 1591 in all 84 lakes and in 1892, 73 lakes, and our collection 
now aggregates upwards of 400 lakes which have been examined and of”. 
which we have the reports in bound volumes. : 

The reports of these examinations are the same as are fully described in 
our last report. They are of uniform size and are bound in volumes and 
indexed. The information furnished by them are in brief, the location, 
length, width, shape, depth and surroundings of the lake, character of 
shores and bottom, inlets and outlets and surroundings, kind of water and 
temperature at top and bottom, date of examination and condition of the 
weather at the time, number and kinds of fish caught and their condition 
and what they are feeding upon, the kinds and quantity of tish reeommended. 
to be planted, if any, and any other special information deemed of value. 
A blank space is left on the back of the reports on which a drawing s- 
made showing the shape of the lake and the soundings taken, the location 
where the nets were set and the character of the shores and bottom. 

The crews are provided with a canvas boat and tents and camping outfit,. 
a gang of gill nets of different sizes of mesh, various kinds of fishing 
apparatus. a deep-sea self-registering thérmometer, a dredge, a towing net. 
of fine mesh and a lead and line for soundings. 

The work in 1891 commenced May 28 and ended September 5. A 
double crew in charge of W. D. Sargeant and six assistants accompanied 
by Prof. Jacob Reighard, and his assistant, Mr. Hill, and a botanist, W. H. 
Rush, operated together in the central part of the State, in continuation 
of the regular examination. The force included, besides the overseer, four 
men, H. H. Marks, F. 8S. Sargeant, M. W. Gibbons and T’. 8. Dixon, to do 
the sounding and fishing, two working together in a boat—a second boat: 
usually being hired at the lake—a cook, Charles Miller, and a teamster, 
John MeKerlie. The outfit consisted of four tents, a team and wagon, an 
oil stove and cooking utensils, besides bedding and sleeping conveniences, 
and the necessary changes of clothing. 

Prof. Reighard and his assistant, Mr. Hill, and the botanist, Mr. Rush, 
from the University of Michigan, accompanied the crew with books and 
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amicroscopes and a small laboratory of chemicals and appliances and 
utensils for scientific work and conveniences for preserving specimens. 
‘Their especial work consisted of examination and investigation of the 
aquatic vegetation and minute animalcules and the food and habits of the 
fish and the fish food and the fish parasites and the contents and character- 
istics of the waters generally. 

This party usually selected a good camping ground near some large lake 
where they would remain a week or more until they had examined all the 
lakes within convenient distance, going each day with the team to the 
adjacent lakes and then with the team moving the camp to another similar 
camping place. In long moves it became necessary to hire an additional 
team. 

Another crew of four men and a cook were employed from July 14 to 
to August 17, 1891, in some special work at Torch lake and adjacent 
waters. 

In 1892 the examination of waters began June 27 and continued till 
September 23. The work was in charge of W. D. Sargeant and his 
assistants were J. P. Marks, Dwight Lydell, J. W. Powers, H. J. Sargeant, 
©. Miller, the cook. and John McKerlie, the teamster. The were. accom- 
panied by H.S. Jennings, assistant of Prof. Reighard of the University of 
Michigan, who devoted himself principally to the examination and _ pres- 
ervation of the stomachs of the fish that were caught for later careful and 
minute microscopical investigation. 

The Board are thoroughly convinced of the value and importance of this 
branch of their work and have already experienced great advantages from 
it in the information thereby obtained with reference to the suitableness 
-of the waters for the planting of fish that are applied for in the lakes of 
which examinations have been made. Thisis the result of the mere routine, 
practical work; what the outcome of the more scientific work will be, it is 
too early yet to prophesy, Certain it is that it is impossible to know or to 
learn too much of the food, habits, enemies, organism and characteristics 
of fish, in the effort to make the greatest success of fish culture. The 
greatest lack has been in the greatest desideratum of accurate and 
scientific research and knowledge on these subjects. Weare as yet only 
at the threshold of the inquiry. We have had only a bare glimpse here 
and there into the realms of knowledge that the future will open up to our 
nearer view. 

A synopsis of the examination reports is given below: 


REPORT OF STATISTICAL AGENT, 


Mr. Charles H. Moore was appointed statistical agent of the commission 
to gather and compile the statistics of the fisheries of the State for the 
seeson of 1891. Statistics are of value when made each season for a series 
of years, serving to show the decay or renewal of the fisheries. To be of 
permanent value they should be carefully gathered and compiled for many 
years in succession. While the statistics of two or three successive seasons 
may show a decided increase or decrease when compared one with the 
other, they are of no special value when we. take into consideration the 
varying conditions of season. One season may be peculiarly favorable for 
the setting or raising of nets, while the next may be characterized by the 
severity of its storms which preclude the lifting of the nets or which blow 
them out altogether, and thus no just comparison can be made. It is 
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peculiarly the duty of the department of fisheries, therefore, to see that 
proper data is gathered from year to year from which at the end of a given 
term it may be fairly predicted whether its work has been successful or 
not. 

If, upon such information, the work is found not’ to have been successful 
information is often gained from which to determine the causes of. failure, 
and means can be taken to correct the influences which prevent success. 

The individual testimony of candid fishermen in different localities in. 
the State indicates that the plants thus far made have been measurably suc- 
cessful, and where they have not been the report of the agent furnishes. 
information as to the causes which have contributed to failure. 

For convenience in instituting comparisons in the future, as to increase: 
or decrease in the value of the fisheries of the State, it has been thought 
best to divide the coast into districts which are fixed as follows: 


DISTRICT NO. 1. 


Mouth of Detroit river to State line between Michigan and Ohio on 
Lake Erie. 


DISTRICT NO. 2. 


Kast shore of Lake Michigan from south line of Michigan to Hammond’s. 
bay on Lake Huron, including the south side of the Straits of Mackinaw. 


DISTRICT NO. 3. 


From the State line between Michigan and Wisconsin on Green bay, east ~ 
around the north shore of the Straits of Mackinaw to Detour, including 
the Beaver islands. 


DISTRICT NO. 4. 


West ee of Lake Huron, from Hammond’s bay south to the mouth of 
Detroit river. 


DISTRICT NO. 5. 


South shore of Lake Superior from Montreal river east to Detour. 


The narrative and detailed report of the statistical agent follows: 
To the State Board of Fish Commissioners: 


GENTLEMEN—Having been appointed by your Honorable Board Statis- 
tical Agent, I proceeded under your instructions to make a complete 
canvass of the entire lake coast of the State. 

By personal interviews with the fishermen I sought to learn everything 
pertaining to the fishing business in the different localities. I endeavored 
to learn as to the kinds of fish caught, the number of nets, boats, and all 
the outfits used in carrying on the enterprise, so that when completed my _ 
report would give as nearly as possible a full showing of the fishing 
industry of the State. This has never been done thoroughly since the 
board has been in existence. Itis a matter of very great importance in 
determining what should be done to protect the planting of fish to restore 
the great lakes to their former wealth of fish food. In many respects the 
work of gathering this information has been pleasant and interesting, and 
it shows that the commercial fisheries are a most valuable industry to the 
State. The amount of fish food taken each year from the great lakes. 
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upon which Michigan borders is very large, and these waters may be truly 
called nature’s store house for a cheap and wholesome food supply for the 
people. 

As I was compelled to follow the shores of these lakes to a great extent, 
the work was somewhat tedious, and it took considerable time to cover the 
whole coast, which is something over two thousand miles in length. My 
aim was to be thorough and exact so that the report should show the facts 
as near as I was able to get them. Whether this has been done well the 
individual reports now on file in your office must bear testimony. 

These reports contain the catch of fish of each fisherman for the year of 
1891, together with a detailed statement of everything used by him in 
carrying on his business and their value, also the number of men employed 
and wages paid. The aggregate of these reports will show the number of 
men engaged in fishing, boats of all kinds, both steam and sail, docks, fish 
houses, freezers or cold storage warehouses, and nets of all kinds, all of 
which will appear in the tabulated statements connected herewith. 

I began this work December 1, 1891, going first to Monroe, following 
along down the coast of Lake Erie to the Ohio line, then back ‘to Monroe 

and to the mouth of the Detroit river, thus completing the canvass of Lake 
Erie. 

The principal part of the fishing in this district is done with pound net, 
about 200 being in use in 1891, also a few seines. There are no gill nets 
fished on this shore except by J. N. Dewey & Co., of Monroe. The catch 
consisted largely of herring, sturgeon, whitefish and pike. Next in 
importance come catfish, sucker and red horse, which, by the way, are now 
used to a considerable extent and are on sale in all the fish markets. 

Fishermen of this section say the catch was not as good as it should 
have been because of the hot weather during the months of September and ° 
October. It was better however, than in 1890. 

There is no longer any doubt as to the good results obtained from the 
planting of whitefish here. Near Mount Pleasant creek there was a good 
whitefish ground some years ago, but later on it was abandoned, the white- 
fish having disappeared almost entirely. ‘This season the catch on this 
ground was fair again and it is the opinion of all the fishermen in this 
locality that their reappearance is due to the work of planting by the fish 
commissions. 

The east shore of Lake Michigan or District No. 2 was the next oeonnd 
of investigation and I began work in this district at New Buffalo. On my 
arrival { immediately began inquiries for fishermen and to my surprise 
found none actively ergaged in the business here, neither had there been 
for the past three years. 

Mr. V. N. Schwiem, who has lived there for many years made the fol- 
lowing interesting statement: 

“About fifteen years ago whitefish along this shore from Michigan City 
to St. Joe were abundant. We used to take them with seines by the 
wagon load during the months of May and June, when running in large 
schools in shallow water which is a peculiar habit of the whitefish. Pound 
nets, seines and gill nets were used here at one time. Gradually but surely 
the whitefish began to fall off until three years ago, when I sold all my 
fishing outfit. Since which time not a single net has been fished at this 
place.” In fact no fishing of any importance has been done on this shore: 
from Michigan City to St. Joe during the past three years, only a few 
scattering whitefish and sturgeon and some rough fish, such as suckers, 
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bull heads, etc., are now to be found in this locality which was once so 
bountifully supplied with the best commercial fish of the great lakes, the 
whitefish. ‘ Without doubt,” this gentleman says, “the cause of the decay 
was brought about by the gradual diminishing of the size of the meshes of 
the nets from year to year, until finally the destruction was made complete. 
This system of abuse is carried on by many of the fishermen on the shores 
of these great lakes and I shall discuss this more fully later on. 

At St. Joseph the fishing is largely done with gill nets. A few pound ~ 
nets are used here for a short time in the spring and fall of each year, 
mainly for the catch of sturgeon which were very plenty in and at the 
mouth of this river which empties into Lake Michigan at this place. This 
river affords them a favorite ground for spawning. 

The sturgeon is a much more valuable fish since the curing of their meat 
by smoking has been introduced. This has brought their flesh into gen- 
eral use, it being preferred by many to smoked halibut. Caviare is also 
prepared from their ova and is quite valuable, being worth this season 
twenty to twenty-five cents per pound. There were about seven thousand 
pounds of caviare put up at this place in 1891 all of which was exported to 
Hamburg, Germany. There are five steam tugs fishing out of St. Joe with 
ae nets. They run out into the lake several miles setting nets in from 
orty to seventy fathoms of water. The principal catch on these grounds 
is the deep water trout, or “buckskin trout” and “long jaws,” which are 
said to be aspecies of the herring, being somewhat larger and commanding 
a better price on the market than the herring. They are essentially a deep- 
water fish and they are taken in the same nets with the deep water trout. 
Here is also found a most loathsome looking fish called by the fishermen 
“lawyers” or eel pouts. They have but little commercial value. A few 
find sale, however, in the interior of the State, being shipped as bullheads 
and are skinned and prepared for market in the same manner as bullheads. 
In appearance and form they resemble it, but are much larger, reaching a 
weight from four to ten pounds each. It is the universal opinion of the 
fishermen that they are destructive to the trout and they are found in 
great numbers during the spawning season of the trout; they frequent 
spawning beds and feed upon the eggs of the trout there deposited. Many - 
of the lifts of these tugs which I saw while at St. Joseph consisted of one- — 
‘quarter to one-third of these fish. The same story of the whitefish is told 
here as at New Buffalo. Only a few years ago tons were shipped from this 
place each year, now not one pound. Again the use of small mesh nets is 
without doubt the cause. 

South Haven is located at the mouth of Black river and is the next 
station north of St. Joe on this shore. | 

Only pound net fishing is done here and by one man. The principal 
catch is sturgeon. The meat is shipped to Chicago, and the ova is made 
into caviare for the German market. 

Mr. Charles P. Paxton, who carries on the business at this place began 
his career years ago as a fisherman in the waters of lake Erie, then went 
to lake Huron and finally located here where he has been for some years 
past. Being a practical fisherman his experience has given him an oppor- 
‘tunity to become familiar with the different kinds of fish inhabiting these 
lakes and their habits. He says of the whitefish: “I am sure the plants 
made in this locality for the last four or five years by the Michigan hatch- 
ery matured into the very whitefish I caught here during my spring 
fishing this season. There are some marked differences between the Lake 
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Erie whitefish and those of Lake Michigan which enabled me to be quite 
certain upon this point. This fact is conclusive proof to me of the great 
benefit derived from artificial planting. The whitefish had almost entirely 
disappeared from this locality and have only returned since the work of 
planting began.” 

Saugatuck, which hes at the mouth of the Kalamazoo river, and was at 
one time a good fishing station, is now of very little importance. White- 
fish and sturgeon were the principal varieties caught here. Now about all 
that are left here of the fish kind are perch, which are very plentiful in 
and about the mouth of the river. In a southwesterly direction some 
four to six miles distant is a large whitefish spawning ground which is 
known by all the fishermen along this shore. The bottom is gravel and 
porous rock formation and is covered by two to four fathoms of water. 

Located at the mouth of Grand river is the enterprising city of Grand 
Haven. The varieties of fish caught here and the manner of fishing is 
much the same as at St. Joe. Many more persons are engaged in the 
business here, however, and much larger shipments are made. “Chicago is 
the market for all the fish caught here. Six tugs and eight sailboats, 
each equipped with a full complement of gill nets and men, constitute the 
outfits. There are also eight pound nets which are used for the catch of 
sturgeon. A light catch of sturgeon was made this season and the caviare 
obtained amounted to about 1,500 pounds. Deep water trout, “long jaws,” 
“black fins,’ and perch are the principal kinds taken. Only 1,000 pounds 
of whitefish are reported to have been caught here this season. 

Capt. Thomas W. Kirby, for many years a resident of this place, and 
well known to the vessel men all over these lakes, having been engaged in 
ship building for a long time, has recently turned his attention to the fish- 
ing business. For this purpose he has this season put in commission two 
steam tugs, has enlarged his cold storage house toa capacity of 250 tons 
and has put up an ice house which he estimates will hold 2,500 tons. Here, 
also, are found the most hated of all the fish kind on this shore, the ‘‘law- 
yers,” in considerable numbers. 

There is some fishing at Lake Harbor, between Grand Haven and Mus- 
kegon, the fishing being carried on by a resident of the latter place, which 
I visited next, obtaining the following information. 

The vast amount of sawdust and edgings from the large number of saw 
mills located on the Muskegon river and at its mouth is carried by the cur- 
rent far out into the lake. It is claimed this is the principal cause of the 
the destruction of these once fairly good fishing grounds. The fishermen 
here claim that it was this alone that drove the whitefish away. Only two 
or three saw mills are now operated here and these consume all their dust, 
edgings and slabs for making steam. Gill, pound and fyke nets are in use 
here, also seines. “Long jaws” and perch compose the greater part of 
their catch. A few whitefish and sturgeon are taken and some rough 
kindz. Altogether the business here is of no great importance and those 
engaged in it are not able to gain a living by it alone. 

Holland, located at the outlet of Black Jake which empties here into 
Lake Michigan, is of little importance as a fishing station. A few nets are 
in use here, both gill and pound, with a light catch this season of lake 
trout, sturgeon, whitefish and herring. 

Whitehall, or White Lake Harbor, as it is called by the people there, is 
located north of Holland on Lake Michigan. The character of the fishing 
here is much the same, only there are more persons here engaged in the 
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‘business, with much larger catches. “Long jaws, sturgeon, trout seca 
whitefish are taken, ranking in importance in the order named. 

Fishing at Pentwater is much the same as at Whitehall but the catch 1s. 
considerably lighter, 

The next station north is Ludington, at the mouth of the Pere Mar- 
quette river, well known for its large lumbering interests. The fishermen 
here are of one accord in saying it is the refuse from the saw mills that 
has destroyed and driven away the whitefish in this locality; they used to 
be very abundant. for the past few years, the catch of fish at this place 
has been insignificant and no whitefish at all are taken just at this point. 
The only fish tug ownedthere goes to the north shore during the fishing 
season, for the reason that it does not pay here. ‘Long jaws,” “ black 
fins” and deep water trout in limited quantities are the kinds taken 
here. 

At Manistee, at the mouth of the Manistee river, the fishing is of more 
importance. I found here that there had been a light catch of whitefish. 
The principal catch was lake trout, with some “long jaws,” “ black fins’” 
and a few sturgeon. 

At Onekama, situated on Portage Lake, which has an outlet into Lake 
Michigan, three miles distant, fishing is of the same character as at Manis- 
tee, but with fewer engaged in the business and much lighter catches. 

The next place north is Frankfort, on Aux-becs-scies or Lake “ Betsy,” 
the outlet of ‘“ Betsy”’ river, which is a good harbor just inside from Lake. 
Michigan. T'wo steam tugs and six sailboats, with their equipments, carry 
on the business of fishing at this place and as far north as Otter creek, 22 
miles distant on this shore. Their shipments this year amounted to about. 
400,000 pounds, composed of lake trout, whitefish and “long jaws,” in the | 
order given, with a very few sturgeon. Here whitefishing has fallen off, 
which is true of all the important stations along this shore. This point 
seems to hold out the best. The tugs here made all of two-thirds of the 
catch, fishing out 48 miles, near the south Fox island. 

From Traverse City, taking in both arms of Big Traverse bay, then 
south from Cat Head Point to Leeland, Good Harbor, the Foxes, and the: 
Manitous and Glen Haven, the fishing is carried on largely by Swedes and 
Norwegians. Pound nets and seines are principally used in the bay and_ 
along the shore between the islands above referred to and along the main 
land. Even at the north Fox and south Manitou, a few are in use. 
Largely, however, gill nets are used about these islands, and here is where 
the best catches are made in this locality. Here, again, I found the pound ° 
nets with their small meshes carrying on the work of destruction to the 
young whitefish. Here, also, the “long jaws” and ‘‘ black fins’ compose a. 
very inconsiderable part of the catch, and the Mackinaw trout becomes an 
important factor, while the whitefish is in excess of any onekind, trout rank- 
ing next on the list. The two latter kinds make up almost the entire 
catch of this locality. The character of the fishing is much the same from 
Traverse City to Charlevoix, but with lighter catches. 

Charlevoix is one of the most important fishing places on this shore. 
The shipments of fish from this place consist mainly of trout, deep water 
trout in the spring or early season, and Mackinaw trout in the fall. As an 
example of the magnitude of the business done here, it may be stated that 
on the 20th of November, 1891, one tug with nearly five miles of gill nets 
took at one lift 12,780, which were Mackinaw trout except two whitefish of 
from 7 to 9 pounds each in weight. The trout were also large, averaging 
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about the same weight. At this season of the year, the catch being large, 
prices drop off and a large proportion of them are frozen and put into cold 
storage for the winter trade. The freezers on this shore are owned and 
operated mainly by A. Connable & Sons of Petoskey. Their Petoskey 
cold storage houses have a capacity of 500 tons, those at Chicago 150 tons. 
and at Cheboygan 100 tons. » But a few pound nets are fished here. 

Petoskey, located at the extreme end of Little Traverse bay, is quite 
prominent as a point from which large shipments of fish are distributed. 
The bay is fished with pound nets, while the tugs go outside with gill nets. 
Here the catch is much the same as at Charlevoix, trout being the promi- 
nent feature of the catch. | 

Following the shore up through the Straits of Mackinaw and down lake 
Huron to Hammond’s bay the fishing is mainly done with pound nets 
except at Indian village and Cheboygan. At the former place, Indians 
with sailboats and gill nets do some fishing, but of no great importance. 

Cross Village, once one of the best whitefish stations on this shore is 
now of little account, pound nets having fished it to death. The best 
catch of whitefish for some five years past was made this season at Waugo- 
shance point and. Hammond’s bay. The kinds taken here are whitefish, 
trout, sturgeon and suckers, in the order named as to importance. There 
are quite a few ‘““Menominees” caught in the straits, also out of Cheboygan. 
These so called mongrel whitefish, first made their appearance some years 
ago on the north shore of. Lake Michigan, little if anything being known 
of them elsewhere in the great lakes. A most complete cold storage is. 
located at Mackinaw City, its capacity being 150 tons. 

The north shore of Lake Michigan, embracing the Beaver islands, the 
Cheneaux islands, and on to Detour being the 3d district was the next 
division taken up. IJ began at Menominee. 

The character of the fishing at Menominee differs somewhat from that of 
the east shore. Pound nets are used more extensively along the shore 
than in any of the lakes upon which Michigan borders, except Saginaw 
bay. The wasteful manner in which they have been used in the destruc- 
tion of small whitefish on this shore, and wall-eyed pike in Saginaw bay,. 
is much to be deplored, giving a serious set back to these two most val- 
-uable kinds of fish. The catch of the pound nets consists mainly of 
whitefish, herring, wall-eyed pike, sturgeon and suckers. ‘The gill net 
catch which is considerable, is principally done out of Manistique and the 
Beavers, and consists of trout, whitefish, and ““Menominees.” The largest 
* catch of herring this season on this coast was made in Green bay. Cover- 
ing a distance of 45 miles from Menominee north towards Escanaba, fifty 
pound nets were set, the avgregate of the catch being1,500,000 pounds. Itis 
a question in my mind however whether or not some of these were not 
small whitefish. I could not see for myself, being there early in May, 
after the seasou had closed and the fish shipped away. 

The next herring fisheries of importance in this division are between 
Point Aux Chene along the shore to Gros Cap and to Pointe St. Ignace. 
The catch here this season was considerably less than at Green bay. 
Wall-eyed pike in this division are caught principally in Little and Big 
Bays De Noquette, in considerable numbers and fair size; sturgeon are 
also. caught here and at other points along this shore, but to a very limited 
extent. 

Manistique, located at the mouth of the Manistique river, was once 
noted for its great abundance of sturgeon, in fact it was a station of great 
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importance for all kinds of fish natural to these waters. It is still the 
headquarters for the largest shipments of fish on this shore. Most of the 
catch, however, is made some distance away. The water power here drives 
three large saw mills. The sawdust from these mills is carried outinto 
the Jake and covers the bottom for miles away, reaching well over toward — 
‘the Beavers. To show the extent of the large deposits of sawdust and 
edgings from the mills here, it may be stated that it requires the constant 
work of a dredge during the season of navigation to dredge out the saw- 
dust to enable steamers to get to the docks. The result of this has been 
to drive away and destroy all kinds of fish, except “suckers,” which are of 
little account, and the fouling of the water is in direct violation of the State 
law. Fromall that] can learn of the pastand present history of the whitefish, 
I am inclined to believe the most extensive and prolific grounds of all the 
great lakes were located on this shore. The almost fabulous catches 
related by the fishermen of St. Martins island, in Green bay, Manistique, 
Seul Choix, Mille Coquin bay, Naubinway, Epoufette, Gros Cap and St. 
Ignace have led me to this conclusion. The comparatively insignificant 
catches of the whitefish at the present time is traceable mainly to the 
causes heretofore mentioned. 

The Big Beaver and the surrounding islands of the Beaver group, once 
famous for splendid catches of whitefish, have also fallen off, although 
shipments for 1891 from St. James were of no small importance. Pound 
and gill nets are fished here, and the character of the fishing is the same 
as along the north shore and among the Cheneaux islands to Detour. 

Returning to Cheboygan and thence to Rogers City I began work in 
district No. 4, embracing the west shore of Lake Huron south from Ham- 
monds bay taking in Saginaw bay, Saginaw river, St. Clair river and on to 
Detroit. From Hammonds bay to Alpena the fishing along the shore is 
comparatively light. Gill nets are mostly used and the catch is largely 
trout. The first appearance of wall-eyed pike on this shore is in the 
catches of the fishermen at Alpena located at the head of Thunder bay and 
continue to be an important factor in the business throughout this division 
extending from here on to Detroit. The principal points of distribution 
of the catch in this district are Alpena, AuSable, Bay City, Port Huron 
and Detroit. The character of the fishing is much the same from Thunder 
bay to Saginaw bay. Tugs fish with gill nets out of Alpena, Au Sable and 
Sand Beach and report good catches for the season of 1891. A large pro- 
portion of the fish taken were trout. There was a fair amount of whitefish ”* 
of good size and quality. ’ 

At Alpena the extensive use of the pound net begins following the shore 
of Lake Huron to Sand Point, on the west side of Saginaw bay. The 
pound net catch consists of whitefish, wall-eyed pike, suckers and sturgeon, 
ot value to fishermen in the order named. 

Visiting these fisheries in June, 1892, 1 have a personal knowledge of 
what they are doing in this locality. Tons of immature whitefish were 
taken in the pound nets here, many of them so small they could not be 
salted, neither could they be put upon the market and sold fresh, and as a 
last resort they were smoked. Could the millions of whitefish plants made 
by the hatcheries each year escape this most shameful manner of fishing, 
not only here. but in many other localities, until they attain a spawning 
age and a commercial size, the fruits of artificial propagation would be 
realized. Substantial protection should in some way be brought about in 
the interest of fishing as well as planting, thereby fostering one of the 
most important industries of the State. 
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Saginaw bay and river present peculiar characteristics in fishing which 
are not found elsewhere in the waters of these great lakes. The principal, 
catch here is of what are termed ‘‘rough fish,” and for the season of 1891 
exceeded in quantity 6,000,000 pounds. The kinds taken are wall-eyed 
pide, grass pike, herring, suckers, bullheads, catfish and perch. At the 
Charities a few whitefish are caught, the most important kind comprising 
the catch here is the wall-eyed pike, its commercial value being about the 
same as that of whitefish. Tons of this fish find a market in New York 
city, and the south, standing long shipment distances better than any 
other kind of fresh water fish. Pound nets, fyke nets, drive nets, goblers,. 
and seines, numbering something over 500, are fished in the bay and river. 
The twine used is two to two and one-half inch mesh. 

So much has been said concerning the manner in which fishing has. 
been conducted in Saginaw bay and river for years past in former 
reports that it seems hardly necessary to go over the ground again, but 
being an eye witness to the large catches here of wall-eyed pike so small 
that they are not sold by weight, but by the dozen, I feel that it is a mat- 
ter of too much importance to be passed by without a word. During the 
fall and winter season the Saginaw river and the mouth of the Shiawassee 
river are completely lined with small pound nets, fykes and goblers. The 
** little pins,” as the fishermen call them, seeking shelter in the river during 
this season of rough weather are caught by the tons. Many of them are 
left on the ice, being too small for any kind of use. Here again rises the 
necessity of some well considered law efficiently enforced for the protec- 
tion of this valuable fish which is nearly, if not quite, equal in value to 
the whitefish, and which are propagated with less expense. 

From Port Austin to Forestville gill nets are principally fished. From 
there on to St. Clair river pound nets. Their catches being trout, herring, 
sturgeon, whitefish, pickerel and perch. 

From Port Huron to Marine City about one hundred skiffs, two men to: 
each boat, are engaged in “bobbing” for pickerel. This fishing begins the 
last of May and extends through June into July. One dealer at Port 
Huron bought something over seventy thousand pounds caught in this 
way in the season of 1891. Some of these skiffs realize for a day’s fishing 
as high as $10. With the exception of this style of fishing for profit in 
the St. Clair river seines only are used. Pickerel and suckers comprising 
the catch. 

A line stretched across the north channel below Algonac with snoods or 
«leaders one foot apart with a large hook at the lower end, the other end 
being attached to the line above referred to, lies on the bottom of the river, 
is a way for catching sturgeon peculiar to this locality. They are said to 
roll along over these hooks and when the fish are hooked their skin is so: 
tough they do not often break away. Something over 20,000 pounds of 
sturgeon and 8,000 pounds of caviare were shipped from this point in 1891. 

Baltimore bay is fished with small pound nets. Their catch consisting 
of perch and suckers almost entirely. Near the mouth of Clinton river 
quite a good haul of white bass were made in 1591 with seines. 

Following the shore of Lake St. Clair to Windmill point fishing is 
carried on mainly with pound nets. The catch being largely pickerel and 
suckers, with light catches of whitefish and herring. 

The fisheries at Belle Isle, Fort Wayne, Mammy Judy, Stony and 
Grassy islands are operated by the Michigan Fish Commission in the fall 
season for the purpose of artificial propagation only, as the whitefish are 
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making their way up the Detroit river to spawn. ‘The catches are not 


large, but are of great importance in stocking the hatchery which is 
located at Detroit, and saves the expense of going further away for the 
eggs of the whitefish. 


The last division of my work comprises the Sault Ste. Marie river and 


the coast of Lake Superior, known as district No. 5. The fishing is carried 
on here with gill nets and pound nets, the same as in all others of this 


chain of lakes, and the catch differs only in kind. The siskowet, a species — 


of the trout family are caught in Lake Superior only, and make up a fair 
proportion of the catch. They are a deep water fish and resemble the trout, 
which are found, however, in shoaler water. The siskowet are much fatter 
and do not sell for as much on the market fresh. When salted they bring 
about the same price. The catch of fish on the Sault Ste. Marie river and 


among the islands at the head of Lake Huron is brought to Detour for 


shipment. Both gill and pound nets are used and the catch consists of 
trout. whitefish, pickerel and suckers, in numbers and importance in the 


order named. The muskalonge, once so plentiful on this river, has almost ~ 


entirely disappeared. The best catches of whitefish in this locality are 
made at St. Joseph and Drummond islands. | 

The catch of whitefish at the Sault Rapids with dip nets and skiff was 
very near 100,000 pounds for the year 1891, and exceeded somewhat the 
catches of 1889 and 1890. 

Located at Whitefish point are the most productive whitefish grounds 
anywhere to be found on Lake Superior. <A better catch was reported here 
in 1891 than for the two or three preceding years. Four tugs fish gill 
nets out of this station, their catches being largely of siskowet and trout 
with a light sprinkling of whitefish. 

At Grand Marias, Huron bay, Grand island, thence north to Marquette, 
the fishing presents about the same features, as to the manner of fishing 
and the kinds caught. Small gill nets, rigs and pound nets are used, with 


light catches of trout, whitefish, herring and siskowet. Three tugs and 


six sailboats fish gill nets. 
Eight pound nets and two seines are fished out of Marquette, which in 


importance as a fishing station on the coast of Lake Superior, ranks next 


to Whitefish Point. Siskowet, trout, whitefish and herring are the 
product of these fisheries. The amount of the catch being in the order 
named. 

From L’ Anse, at the head of Keweenaw bay to Kenweenaw point, pound 
nets are mainly used, except at Portage Entry, where a settlement of Fin- 
landers fish twenty-four sailboats equipped with gill nets. Some of them 
fish pound nets also. The catch in this locality is largely of whitefish, 
herring, and next and lastly, trout. 

The best catches of whitefish in this neighborhood for the year 1891 
were made at Baraga and Bete Grise. 

Keweenaw bay and the shore lying on the east side of Keweenaw 
point is well adapted to the use of the pound net. Good catches of trout 
are made in the fall season at the Manitou island, which is but a short 
distance from Keweenaw point, and is said to be a natural spawning 
ground for them. No siskowet are reported in the catches here, for the 
reason, I suppose, that the sailboats do not go far enough out. I pro- 
ceeded from this point to Copper Harbor, Eagle Harbor, Eagle river, 
Misery bay, Ontonagon (all being noted at one time as fishing stations of 
considerable importance) and then on tothe Montreal river, where the 
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Michigan coast terminates. The catches for 1891 were very light. 
Nowhere on this lake did I find the depletion of the waters of the white- 
fish more marked. No tugs or large outfits are now fished from any of 
these stations, for the simple reason that it does not pay. Pound and gill 
nets are both used. The catches consist of whitefish, trout and herring, a 
large proportion being whitefish. 

All the coast fisheries have been visited except those of Isle Royal, 
which are accessible only by boat from Duluth. It was thought best not 
to go there, on account of the long distance and the expense it would 
involve. I learned, however, that the fishing was carried on there by 
parties living at Duluth, and the information sought after could be had 
from them late in the fall when they came back from the island. JI hope 
to get this information as to catch as nearly correct as possible without a 
personal interview. I am informed that the catch there consists chiefly 
of trout, and'that three pound nets are’fished in Washington Harbor; 
with this exception gill nets are used exclusively. The fisheries of this 
island were noted at one time for their large shipments of salt fish, but 
their catches now are much lighter, and for the past three or four season, 
or more they have been sent away fresh by boats making regular trips 
to the island twice a week during the season of navigation. 

The magnitude of the fishing industry of the State may be better under- 
stood and more fully appreciated by an examination of the tabulated state- 
ment herewith submitted which shows as near as possible the exact catch 
the amount of capital invested in lands, buildings and fishing outfits for 
the year 1891, together with the product of all these fisheries in pounds, 
the value of same, the number of men employed. 

The quantity, quality, and kind of food fish taken from these great 
lakes has no equal in any of the fresh water lakes of the world. Michigan 
may well feel proud of her extensive coast bordering upon these lakes, and 
of her most important fisheries giving employment to so many men. While 
seven-eighths of the fishermen reported better fishing in 1891 than for three 
or four years prior, especially in several localities, where the whitefish are 
taken, yet it was generally conceded by them all that a gradual depletion 
of fish in the lakes was going on from year to year. And here we come to 
the causes of the constant decrease. 

The filling of the waters with sawdust, and the taking of gmail and 
immature fish which have never spawned I am convinced are the two 
prime causes. Both of these causes I have before referred to in this 
report, giving the locality where I found these causes standing out most 
prominent. 

If the wasting away of this one of the most important industries of this 
State is to be arrested it should be done at once. While the hatcheries 
are doing all their present capacity will admit of in replenishing these 
waters, “chiefly with the plants of whitefish and wall-eyed pike,” their 
work is toa great extent neutralized by the persistent catches of immature 
fish by the fishermen. 

Cuarues H. Moore, 
Statistical agent. 
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DETAILED REPORT OF DISTRICT NO. 1. 
Fish caught. Pounds. 
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DETAILED REPORT OF DISTRICT NO. 2. 
Fish caught. Pounds. Value. 
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Amount invested. 
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DETAILED REPORT OF DISTRICT NO. 3. 


Fish caught. Pounds. Value. 
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Boats in eet 
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DETAILED REPORT OF DISTRICT NO 4, 


Fish caught. Pounds. Value. 
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Amount invested. 

VET cOR MOUS SOU oS Rd MeL lle Cre als | Uy Teed eh Se Man re tp $144,748 00: 
Malia (OF Boater RWS al aed De ARR eee ca is ton I a 43,851 00 
Valdis of ‘lands: and) iurildinges 06 8 Oar ven YG Ed ce et 145,732 00 


St iif’; 21 Meee ea ed MN ar Mee eR re Ale MM LM Lge a RAS Sathee E e 


» 
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DETAILED REPORT OF DISTRICT NO, 5. 


Pounds. 


Fish caught. Value. 
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SUMMARIZED REPORT OF ALL DISTRICTS. 
Fish caught. Pounds. Value. 
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The interest in the fisheries is principally a public interest in a cheap 
and wholesome food supply. 

Nature has stocked these inland seas for the use of man. They do not 
require cultivation at his hands for the bounteous supply they yield. 
Nature has here provided in its own way for a continuing and exhaustless 
store of food for our use, but the constant fishing without restraint upon 
modes has made a heavy drain upon the indigenous fish. To overcome 
this the State has, in the interest of its citizens, undertaken by a sufficient 
expenditure of money to restock these waters by artificial propagation. 
This restocking has been persistently carried on for some years, and if 
proper and intelligent laws are enforced against the taking of the small 
fish before they arrive at the age where they can reproduce their kind, 
there can be no question about the ultimate renewal of the fisheries of the 
great lakes. 

Artificial propagation can never, under circumstances which permit 
_ the taking of the planted fish before they have spawned, and the taking of 
fish naturally spawned before they have come to the age of reproduction, 
effectually bring about a renewal of the fisheries of our lakes. 

These small fish are of little or no market value; but if they were left in 
the waters for another year or so their increase in size and weight would 
make them merchantable. They would have then, too, performed the func- 
tion of reproduction, which, with the aid of artificial means, would ere 
long make the fishing industry profitable everywhere. 

Many of the fishermen have already come to this view and are ready to 
sanction just laws for the protection of the young fish, and it is believed 
that right action taken by the legislature in this regard will meet their 
approval. 

The commissioners of fisheries in this State are in no wise interested in 
this matter beyond what they believe is the public concern. They have 
no desire to plant fish in the waters which may not be taken by the fisher- 
men, but they do insist that their labors shall be met in a fair spirit by 
the fishermen, particularly as they are most interested pecuniarily, next to 
the people themselves, in the maintenance of the fisheries and they should 
consent to take nothing from the waters but fish of adult age. 

The cupidity of the selfish fisherman should give away to his judgment, 
if he reflects and understands that a few years more of present modes 
of fishing must leave the waters of the great lakes nothing but mere 
waterways for the passage of our lake commerce, their valuable fisheries 
having passed into that stage of decay which now distinguishes Lake 
Ontario. 

Jt is only within the last five or six years that the states and prov- 
inces bordering these waters have done anything like adequate work in 
restocking, and yet it is unquestionably the fact that had it not been for 
their efforts the fisheries would have reached a much lower ebb than that 
to which they have fallen. 

If the State is willing to devote its money to the restocking of its 
waters, it should also take steps by the passage of just laws to protect this 
work, and fishermen who are not actuated by selfish motives should be 
willing to be governed by just and fair laws for the protection and preser- 
vation of the fisheries. 

Let the fishermen understand that the public proprietorship i in these 
fisheries is paramount to any right he may exercise or enjoy in them, and 
that it is against public policy that he should pursue methods of fishing 
which will in his lifetime ruin the industry he follows. 


46 TENTH REPORT—-STATE FISHERIES. 
SCIENTIFIC WORK. 


It has been well said by a recent, writer in the Century Magazine that 

“scientific study has so richly increased the content of human knowledge, 
it is so practical in its results and so fascinating in its practice that its 
methods and spirit are rapidly pervading every field of intellectual 
activity.” 

it does not require any abstruse reasoning to reach the conclusion that 
in order to successfully perform artificially any function of nature the first 
step is to learn just what nature does and how it does it; and with bodies | 
so small as fish eggs and the spermatazoa it requires the use of a micro- 
scope and one skilled in its use, and also familiar with the subject, to ascer- 
tain the relations of the parts and the functions of each, and how and when 
they perform their part in the work. 

Appreciating the practical value of scientific investigation in the arte 
cial propagation of fish, this Board employed Prof. J acob Reighard, of the 
University of Michigan, to make microscopical examinations of the process _ 
of impregnation of fish eggs and of the growth and development of the 
embryo. In the course of his investigations he has accompanied our men. 
to the fisheries during the taking of eggs both of the wall-eyed pike and 
of the whitefish. This enabled him to see just how the men handled the 
egos and to determine the effect of each step in the work. His experi- 
ments have been of great aid to the practical workers by increasing their 
knowledge of the requirements and process of successful fertilization of 
the eggs. 

One of the most important of his studies has been to determine what 
the difficulties are that beset the successful impregnation of the viscid eggs 
of the wall-eyed pike, and why it is that so large a percentage relatively of | 
these eggs fail to hatch, and to devise a remedy. He has also conducted 
experiments to determine the period of vitality of the milt, both of the 
whitefish and of the wall-eyed pike, in water, after it is extruded from the 
fish; also the period within which the eggs must be impregnated, and the 
manner in which it is done, and the conditions most favorable to its 
accomplishment. ‘The result of his experiments in this line are given in 
his article in the appendix, and they are very interesting and instructive. 

During the summer of 1891 Prof. Reighard with an assistant, Mr. 
Charles Hill, anda botanist, Mr. W. H. Rush, accompanied our crew on 
examination of waters from about the first of June until about the first of 
September. Much good work was done in the way of investigating fish 
food and the characteristics and contents of the inland lakes which were 
visited. 

It was ascertained during this season’s work that the condition and char- 
acteristics of lakes in the same basin or river bottom were so similar, and 
that the frequent removals of the camp of the examining crew so broke up 
the continuity of the microscopical work, that it was concluded that the 
better way to pursue the scientific investigations was not to follow the 
examining crew hurriedly from lake to lake, but to camp upon a 
representative and typical lake of each chain long enough to investigate it 
exhaustively before moving to another; and that thus without visiting any- 
where near all the lakes of the State a thorough investigation could be had 
of a hmited number that would fairly represent the whole. With aview of 
carrying out such a plan, it was proposed to the regents of the University 
of Michigan, jointly with this Board, to fit out a small movable laboratory 
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and cabin to be used by Prof. Reighard and such assistants as he should 
need to continue his investigations during the season of 1892. For some 
reason unknown to us, perhaps the lack of funds, the board of regents 
did not look favorably upon the plan and declined to join us. The cost 
was greater than we felt warranted in expending alone, and the matter was 
necessarily postponed. 

In leu of .this more extended plan, all that was done during the season 
of 1892, was to have’an assistant of Prof. Reighard, viz.. Mr. H. 8. Jen- 
nings accompany the examining crew and take and preserve specimens, 
particularly of the stomachs of the fish caught, and their contents, for 
future careful microscopical investigations. 

Prof. Reighard, in addition to the work in the field, has each season 
taken home with him to Ann Arbor a quantity of eggs, both of white- 
fish and wall-eyed pike, which he has hatched their in jars which he had 
put up for the purpose, watching carefully and noting particularly each 
change in the progress of development of the embryo. 

The value of these investigations and experiments to practical fish 
culture cannot be over estimated, and the work that has thus far been 
done in this line by this Board has met the highest encomiums of those 
engaged in similar work in other states. Reasonable appropriations of 
money to be used in this way are justified by the results of the work done 
with like expenditures heretofore, and are evidences of a high and intelli- 
gent appreciation of the subject by the legislature that grants them. 


LEGISLATION. 


We desire to urge prompt action upon the appropriations for the sup- 
port of the work of this Board. During the session of the legislature of 
1890 and 1891 the members of the board and the superintendent and sec- 
retary felt required to visit Lansing many times before the appropriation 
was finally passed. When these appropriations are delayed they are liable 
to become entangled with other public bills and sometimes with private 
bills to which they bear no proper relation and the appropriation bills 
are then used as a lever to press forward and promote the passage of such 
irrelevant bills to the detriment of the cause of fish culture. The conse- 
quent delay in our plans for the season’s work is very damaging, and at 
times nearly half the spring labor is retarded or even has to be abandoned 
through doubt of the outcome. 

It has at times been matter of surprise how little the new members of 
the legislature know of the work of this board, and frequently even the mem- 
bers of the fisheries committees enter upon their duties with very little 
appreciation of the methods, efficiency and value of the work. It has been 
eratifying, however, to note the interest shown and the activity exhibited 
by nearly everyone who takes the pains to get correct information as to 
what has been and is being done by this Board in the great work of pro- 
pagating and distributing fish. 

Members of the legislature are cordially invited to investigate this work 
and are furnished with every facility in our power to aid in acquiring 
accurate knowledge of our work. 

Every department of the work is open to inspection and is freely and 
gladly shown to any and every member who will take the pains to make 
the inquiry. 
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EXHIBITS. 


A live fish exhibit was made at the Detroit exposition in 1891 which> 
attracted a good deal of attention and favorable comment. Some changes 
from the previous exhibit were made in the setting of the aquaria, and 
some sodding done and planting of shrubs, flowers and aquatic plants 
made, which improved the appearance of the exhibit. The decorating was 
done by Mr. Robert Hopkin, the artist.. The work of getting fish for the 
show commenced August 20, and the exhibit continued until September | 
5. The grayling were catight in the Hersey river and the brook trout, 
brown trout and mountain trout, were brought from the Paris station, 
together with the grayling, on the car ‘“ Attikumaig.”’ There were 19 gray- 
ling, 12 large brook trout, 15 three years old, 25 two years old, 50 moun- 
tain trout, 15 large brown trout, 25 two years old, and 60 one year old. 
There were 10 large German carp, 50 of the spring hatch, and two cans of 
gold fish, including some old fish and some of the spring hatch, brought 
from the carp station at Glenwood. 

The other varieties were caught in lake St. Clair and the Detroit river, 
the former being floated down in live crates. There were in all 25 aquaria. 
The kinds of fish exhibited, besides those above named, were black bass, 
white bass, rock bass, swamp bass, pike, pickerel, catfish, bullheads, stur- 
geon, suckers, sunfish, dogfish, sheep head, shiners, perch, turtles and 
frogs. 

The aquaria consisted of tin tanks with glass sides so arranged as to” 
have the light shine through the glass and water, so that the fish, and 
every movement of the body, fins, tail, and gills, was in full view, and a 
current of pure, clear water running into and discharging from each tank. 
The fish car “ Attikumaig” was ‘also on the exposition grounds, and 
attacted a good deal of attention and received many visitors. The men in 
charge of the exhibit ate and slept in the car. The attendants in charge 
were instructed to give particular attention to answering all reasonable 
inquiries, and to explain the nature and methods of the work of the com- 
mission. The different tanks were labeled to stray the different 
varieties of fish. 

At the close of the exhibit the common fish which were left were given — 
away, and the large carp, goldfish and trout were carried in the car back to 
the Paris station, where the large carp were utilized as scavengers in the 
trout ponds and found to answer the purpose well. They*were kept in the 
ponds until the next year, when they were again brought to Detroit and 
exhibited at the exposition of 1892. 

The Board had made all calculations upon making a like exhibit at the 
State fair of 1891, and was prepared to do so. But when the superinten- 
dent visited the rounds at Lansing, on September 1, to prepare the 
aquaria, he found that through some misunderstanding, the space occupied 
by our exhihit the year before had been let for other purposes, and the 
water pipes and connections, and waste pipes and plumbing, had been 
removed, and it was not feasible to make an exhibit then without consid- 
erable additional expense and trouble in fitting out, for which there was 
scant time, and so the matter was dropped for that year. 

A similar exhibit was made during the Detroit exposition of 1892. 
Some changes were again made in the decoration and surroudings, so as to 
give some variety to the display. An experiment was also. tried by 
reducing by nearly one-half the thickness of the tanks and it was found to 
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do away with the breakage of glass which before had given some trouble, 
while it brought the fish into still more clear view, and the fish seemed to 
- do equally as well as before. Some very pleasing rock-work effects were 
produced by plastering furnace slag upon board surfaces built in irregular 
shapes to resemble natural rocks. The exhibit did not seem to pall on the 
taste, but was. constantly surrounded by interested crowds who seemed 
never to tire of watching the movements and actions of the fish. It was 
the most popular attraction on the grounds. 

In 1892 a very satisfactory exhibit was also made at the State fair at. 
Lansing, where it excited as much attention and interest as it had before 
at the exposition and at the State fair of 1890. We believe these displays 
are not alone interesting and attractive to the public, but that they are 
useful in educating the people as to the habits of the fish and the methods 
of propagating them and keeping good the supply, dnd tend to arouse a 
general interest in the subject of fish culture which is valuable. 


\ 
HISTORICAL. 


COMMISSIONERS. 


Under the act of 1873, George Clark of Ecorse, George H. Jerome of 
~ Niles, and Gov. John J. Bagley of Detroit, ex officio, were the first Com- 
missioners. ‘l'hey held their first meeting and organized May 12, 1873. 
George H. Jerome resigned June 15, 1874, to become secretary and 
superintendent, and Andrew J. Kellogg of Allegan was appointed to fill 
the vacancy. This board was done away with by the reorganization act of 
1875. Under the act of 1875 the Governor, on April 24, 1875, appointed 
Eli R. Miller for two years, Andrew J. Kellogg for four years, and George 
Clark for six years. Eli R. Milier was reappointed January 1, 1877, and 
retired at the expiration of his term, January 1, 1883, and John H. Bissell 
of Detroit was appointed to succeed him. Mr. Bissell retired at the expir-° 
ation of his term, Jan. 1, 1889, and Hoyt Post of Detroit was, appointed 
to succeed him. Andrew J. Kellogg’s first term under the act of 1875 
expired January 1, 1879, and he was reappointed for Six years. He 
resigned June 1, 1884, to become secretary and Herschel Whitaker was 
appointed to fill the vacancy. His term expired January 1, 1885, and He 
was reappoirited for six years and on the expiration of this term, Jan. 1, 
1891, he was again reappointed for six years. George Clark died Oct. 14, 1877, 
and Dr. Joel C. Parker of Grand Rapids was appointed to fill the vacancy. 
His term expired January 1, 1881, and he was reappointed for six years, 
and at the expiration of that term, on January 1, 1887, he was again 
reappointed, and his present term expires January 1, 1893. 


SUPERINTENDENT. 


George H. Jerome was acting superintendent from the first organization 
of the commission, May 12, 1873, until June 15, 1874, when he resigned 
as commissioner and was regularly appointed superintendent and served 
as such until September 15, 1879, when his term expired and he refused a 
reappointment. James G. Portman of Watervliet was appointed Superin- 
tendent, September 15, 1879, to succeed Mr. Jerome, and served as such 
until September, 1882, when he was succeeded by Oren M. Chase. Mr. 
Chase served until November 11, 1883, when he was drowned in Little 
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Traverse bay while in the performance of his duties. Thereupon Walter 
D. Marks was made acting superintendent and served in that capacity 
until March 26, 1884, when he was regularly appointed superintendent, 
and has since then continued to serve in that capacity. 


SECRETARY. 


~ Geo. H. Jerome was secretary from the first organization of the Board, 

May 12, 1873, until September 15, 1879, when he withdrew from the com- 
mission and James. G. Portman was appointed to succeed him. Mr. 
Portman acted as secretary until September, 1882, when he was dismissed. 
On February 19, 1883, Herschel Whitaker was appointed and served until 
June 1, 1884, when he resigned, and Andrew J. Kellogg was appointed to 
succeed him. Mr. Kellogg served as secretary until March 20, 1888, 
when he resigned, and George D. Mussey, the present secretary was 
appointed and has served ever since. 


RAILROAD COURTESIES. 


There has never been a reportof the Fish Commissioners of this State 
since the work was first inaugurated in 1873 that has not contained an — 
acknowledgment of courtesies and liberal treatment from the railroads 
of the State. As the work has increased, the opportunities of the rail- 
roads to grant such favors have yvreatly increased, but the limit of their 
liberality has not yet been reached and the favors thus far have been 
granted without stint. But for the aid thus generously extended by them 
during all these years to the work of our Board, the same measure of suc- 
cess could never have been attained with the means which were at hand. 

This hearty co-operation of the railroads and their broad appreciation 
of the requirements of the work, have not only been a great encourage- 
ment to the commissioners, but have saved the State many thousand dol- 
lars annually. 

Should they withhold these generous courtesies ane require payne of 
the customary mileage for transportation, it would so much lessen the 
amount out of the annual appropriations which could be devoted to the 
expense of producing the fry, and unless increased appropriations were 
granted for this purpose would by so much curtail the work done. We 
wish the people of the State to appreciate and understand this liberal 
treatment as thoroughly as we do. Appreciating this generosity as we 
do, we have aimed not to call upon the railroads except for purposes legiti- 
mately within the requirements of the work, and while we admit to having ° 
heavily taxed their liberality we have sought never to abuse or misuse it. 
Our car has been attached to and hauled with passenger trains, on request, 
from one end of the State to the other, for three or four months of the year, 
without charge for mileage or for fares of our employés. 

Especial thanks are due the following roads, viz., Grand Rapids & 
Indiana, Detroit, Northern & Lansing, Chicago & West Michigan, Mich- 
igan Central, Flint & Pere Marquette, Detroit, Grand Haven & Milwau- 
kee, Grand Trunk, Toledo & Ann Arbor, Chicago & Grand Trunk, Duluth, 
South Shore & Atlantic. 
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“EXAMINATION OF INLAND LAKES 1891. 


ALLEGAN COUNTY. 


Big lake, Watson township: 
Length, 1 mile; width, 4 mile; greatest depth, 36 feet. 
Shores high, wooded, mostly sand and gravel beach, some marsh. 
Bottom, soft and muddy. 
Inlets and outlets, none; fed by springs. 
Dates of examination, June 1, 2 and 3. 
' Weather, clear. 
Temperature, surface, 72°; bottom, 64°. 
Fish taken, black bass, bullheads, suckers, bluegills and perch. 
Fish small and stomachs empty. 
Would recommend for planting eels and native fish. 


Green lake, Leighton township. 
Length, 14 miles, width, 14 miles; greatest depth, 68 feet. 
Shores, high with timber on east side; cleared on south end and west 
side; sand and gravel beach. 
Bottom, hard, clay, gravel and marl. 
Inlets, none; outlet, branch of Rabbit river. 
Dates of examination, June 2 and 3. 
Weather, cloudy and ‘vainy. 
Temperature, surface 70°; bottom 40°. 
Fish taken, perch, rock bass, blue gills, bullheads, pickerel and black 
bass. 
The fish were all large, hard and fat. 
Would recommend salmon trout and wall- eyed pike for future planting: 


Selkraig lake, Wayland township: 
Length 1 mile, width } mile; greatest depth 37 feet. 
Shores mostly high and wooded, sand and gravel beach. 
Bottom hard clay and marl. 
No inlet or outlet. 
Dates of examination, June 3 and 4. 
Weather cloudy and cold. 
Temperature, surface 64°; bottom 44°. 
Fish taken, perch, black bass, bullheads and bluegills. 
The fish were hard and fat; perch very large. 
Would recommend wall-eyed pike and eels for future planting. 


McDougal lake, Watson township: 
Length $ mile, width 4 mile. 
Shores, a low onan swamp. 
Bottom soft and muddy. 
No inlet or outlet. 
Date of examination, June 4. 
Weather cloudy with rain. 
Temperature, surface 67° ; bottom 44°, 
No fish taken. 


No recommendation as to future laitiies 
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Miller lake, Watson township: 
Length 3 mile, width + mile; greatest depth 30 feet. 
Shores, a low famarack swamp nearly all around. 
Inlets, ‘two, not named; outlet, a good sized stream, not named. 
Date of examination, June 4. 
Temperature, surface 70°; bottom 45°. 
Weather cloudy. 
No fish taken. 
Would recommend eels for future planting. 


Drummond lake, Allegan and Monterey townships: 

Length 14 miles, width $ mile; greatest depth 48 feet. 

Shores mostly low and ‘marshy, high on north side, marl and gravel 
beach where high. 

Bottom hard clay | and sand, some marl. 

Inlets, two, not named; outlet, one, which empties into Knlanepee 
river. 

Dates of examination, June 6 and 7. 

Weather, 6th cloudy and cold; ith clear. 

Temperature, surface 64°; bottom 50. 

Fish taken, perch, bluegills, sunfish and rock bass. 

The fish were hard and the perch large. 

Would recommend eels for future planting. 


Miner lake, Allegan township: 

Length in miles, width 14 miles; greatest depth 80 feet. 

Shores mostly high and ‘wooded: sand, gravel and marl beach, marl 
being soft. 

Bottom hard clay, gravel and eet 

Inlet, one small stream; outlet, one, which empties into Kl 
river. 

Dates of examination, June 5, 6, 7 and 8. 

' Weather, 5th, 7th and 8th clear, 6th cloudy and cold. 

Temperature, surface 66°; bottom 44°. 

Water, clear. 

Fish taken, pickerel, large mouth black bass, perch, bluegills, grass pike, 
sunfish, rock bass, dogfish and suckers. 

The pickerel were large, from 7 to 10 pounds; bullheads large, all other 
fish small. 

Would recommend wall-eyed pike and eels for future planting. 


Upper Scott lake, Lee townsinp: 
Length ? mile, width # mile; average depth reported to be 12 feet. 
Shores high, except around inlet: beach, sand. 
Bottom, sand. ! 
Inlet, one from Scott lake; outlet, one into Black river. 
Date of examination, June 9. 
Weather clear, water clear. 
Temperature not taken. 
No fish taken. 


No recommendation as to future planting. 
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Osterhout lake, Lee township: 
Length ? mile, width 100 rods; greatest depth 36 feet. 
Shores high on north side, soft, muddy beach. 
Bottom, soft and muddy. 
Inlet, none; outlet, one into Black river. 
Date of examination, June 9. 
Weather clear, water cloudy. 
Temperature, surface 70°; bottom 68.° 
No fish taken; food seemed scarce. 
Would recommend eels for future planting. 


Clear lake, Lee township: 
Length 80 rods, width 40 rods; greatest depth 18 feet. 
Shores, a low, muddy beach. 
Bottom soft and muddy. 
No inlet or outlet. 
Date of examination, June 9. 
Weather clear, water cloudy. 
Temperature, surface 72,° bottom 69.° 
‘No fish taken. 
No recommendation as to future planting. 


Crooked lake, Clyde township: 
Length 14 miles, width 2 mile; greatest depth 20 feet. 
Shore Jow nearly all around, except on east side. 
Bottom muddy. 
Inlet, none; outlet, one that empties into Black river in high water. 
Date of examination, June 9. 
Weather clear, water roily. 
No fish taken, and no recommendation as to future planting. 


Emerson lake, Trowbridge township: 
Length 3 mile, width + mile; greatest depth 32 rast 
Shores high on north and south sides, low on east and west ends. 
Bottom, muck. 
Inlet, one small creek. 
Outlet, one. 
Date of examination, June 10. 
Weather clear; water roily. 
Temperature, surface 70°; bottom 52°. 
No fish taken and no recommendation as to future planting. 


Minkler lake, Trowbridge township: 
Length # mile, width 100 rods; greatest depth 45 feet. 
Shores high on north side, the ‘balance low and marsh; beach, sand and 
marl. 
Bottom, sand and marl. 
No inlet or outlet. 
Date of examination, June 10. 
Weather clear, water roily. 
No fish taken and no recommendation as to future planting. 
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Base Line lake, Trowbridge township: 
Length 14 miles, width 4 a mile; greatest depth 40 feet. 
Shores, high bluff on north end, balance of shore lower and timbered. 
Bottom, sand and marl. 
Inlet, one small stream. : 
Outlet, one, a branch of Pine break emptying into Kalamazoo river. 
Dates of examination, June 10 and 11. 
Weather clear, water cloudy. 
Temperature, surface 72°: bottom 46°. 
Fish taken, black suckers. 
The fish taken were in good condition. 
Eels recommended for future planting. 


Duck lake, Cheshire township: 
Length ? mile, width 4 mile; greatest depth 30 feet. 
Shores high, sand and mar! beach. 
Bottom muddy and soft. 
Inlet, one from Muskrat lake. 
Outlet, one into Swan lake. 
Dates of examination, June 10 and 11. 
Weather, 10th cloudy, 11th clear, water roily. 
Temperature, surface 74°; bottom 64°. 
Fish taken, perch, bluegills, sunfish, bullheads and pickerel. 
The fish were large and in good condition. 
Eels recommended for future planting. 


Swan lake, Cheshire township: 
Length } mile, width } mile; greatest depth. 
Shores low and muddy on the | beach; high and wooded fifty feet Haak 
Bottom muddy. 
Inlets, two coming from Base Line and Eagle lakes. 
Outlet, one large stream into Kalamazooo river. 
Dates of examination, June8, 9, 10, 11 and 12. 
Weather clear except on the 10th, when it was cloudy. 
Water roily on the 8th and cloudy on the other days. 
_ Temperature, surface 68°; bottom 64”. 
Fish taken, perch, black bass, bluegills, speckled bass, pickerel, sun- | 
fish and bullheads. | 
Fish were soft, wormy, muddy tasting and very poor. 
Eels recommended for future planting. 


Eagle lake, Chesire township: 
Length 14 miles, width'$ mile; greatest depth 60 feet. 
Shor es, high and wooded with sand and gravel beach. 
Bottom sand and gravel. 
Inlet, one from Muskrat lake. 
Outlet, one, into Swan lake. 
Dates of examination, June 11 and 12. 
Weather cloudy on the 11th, clear on the 12th, water clear. 
Temperature, surface 71°; - bottom 44°, 
Fish taken, perch, bullheads, speckled bass, rock bass, dogfish, mud bass 
and sunfish. 
Fish in good condition, hard and fat. 
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Recommend wall-eyed pike, small mouth bass and eels for future 
planting. 


Hutchins lake, Ganges and Clyde townships: 
Length 14 mile, width $ mile; greatest depth 35 feet. 
Shores high with sand beach. 
Bottom sand and marl. 
Inlets, two small streams. 
Outlet, one, into Black river. 
Dates of examination, June 13 and 14. 
Weather clear, water cloudy. 
Temperature, surface 72°; bottom 61°. 
Fish taken, perch, black bass, rock bass, speckled bass, bullheads and 
suckers. 
Fish in good condition, large and fat. 
Eels recommended for future planting. 


ANTRIM AND GRAND TRAVERSE COUNTIES. 


Elk lake, Elk Rapids and White Water townships: 

Length 94 miles, width 14 miles; greatest depth 170 feet. 

Shores, east and west, gravelly; north and south, sandy. 

Inlets, three on the south, viz., Battle creek, Follet’s creek and third 
not named; outlet Elk river. 

Dates of examination, July 16 to 22 inclusive. f 

Weather warm except.on the 17th and 18th when it was cold, water clear. 

Temperature, surface 64°; bottom 53°. 

Fish taken, whitefish, herring, ling, rock bass, grass pike, salmon trout, 
suckers and perch. 

Trout and whitefish well fed and showed large growth, rock bass very 
large, perch very small and poor. 

Recommend whitefish, salmon trout and wall-eyed pike for future 
planting. 

ANTRIM COUNTY. 


Clam lake, Helena township: , 

Length 4 miles, width 80 rods; greatest depth 25 feet. 

Shores sandy on north and south; east, low and marshy; west, sand and. 
gravel. 

Bottom, black muck from three to six feet deep and covered with weeds. 

Inlets, two at east end, Grass river and a small creek with no name; out- 
‘let, Clam river. 

Dates of examination, Aug. 5, 6 and 7. 

Weather warm, water clear. 

Temperature, surface 72°; bottom 64.° 

Fish taken, grass pike, rock bass, perch, bullheads, and bluegills. The 
rock bass were very largegthe other fish small but well fed. 

Eels, bass, carp, or native fish, recommended for future planting. 


Grass lake, Forest, Home, Kerney, Helena and Custer townships: 
Length 4 miles, width 1 mile; greatest depth 85 feet. 
Shores, west side, high land, beach sandy; east side, low, beach soft 
marl; north and south ends, low and marshy. 
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Bottom, hard clay and gravel in center; north and south ends, soft marl; 
east and west sides, clay. 

Inlets, two small streams at north end, Intermediate river, and oe | 
streams not named on east side; outlet, Grass river. 

Dates of examination, Aug. 8, 9, 10, gis 

Weather clear and warm on 8th and llth, windy and warm on 9th and > 
10th. 

Temperature, surface 71°; bottom 48. ° 

Fish taken, perch, lake trout, herring, grass pike, rock bass, and small 
mouth bass. The lake trout were soft but well fed, and showed large~ 
erowth. The herring were very small but well fed. The other fish 
were-well fed and showed large growth. : 

Eels, bass, and wall-eyed pike recommended for diiake planting. 


E ee 
Intermediate lake, Center, Lake, Echo, Kinney and Forest Home town- 

ships: 

Length 7 miles, width 2 mile; greatest depth 22 feet. 

Shores, a cedar and tamarack swamp from 10 rods to 4 mile in width 
surrounds the lake, back of the swamp the land is high. 

Bottom, south end marl: north end soft mud from two to five feet deep 
and covered with weeds. 

Inlets, eight; one on the north, four on the east, and three on the west, 
none of which.are named. 

Outlet, Intermediate river. 

Dates of examination, August 12 and 13. : 

Weather and water clear. 

Temperature, surface 71°; bottom 71°. 

Fish taken, perch, rock bass, small mouth bass, grass eae sunfish and 
suckers. 

All fish were well fed and showed large growth. 

Eels and carp recommended for future planting. 


BARRY COUNTY. ines, 


Crooked lake, Prairieville and Barry townships: 
Length 1 mile, width 4 mile; greatest depth 48 feet. 
Shores high and wooded, sand and gravel beach, marshy in spots. 
Bottom clay, marl and black muck. 
Inlet, none, fed by springs. 
No outlet. 
Dates of examination, May 28 and 29. 
Weather clear on the 28th, cloudy on the 29th. 
Water clear on the 28th, sroily on the 29th. 
Temperature, surface 63°: bottom 544°. 
Fish taken, perch, bluegills, bullheads and black bass. 
The fish were small except the bullheads, which showed good growth. 
Fels, pickerel and black bass recommendgd for future planting. 


Pine ie ene township: 
Length 24 miles, width # mile; greatest depth 48 feet 
Shores hich, and wooded with gravel beach. 
Bottom sand and clay. 
No inlet or outlet, fed by springs. 
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Dates of examination, May 30 and 31 and June 1. 

Weather and water clear. 

Temperature, surface 70°; bottom 63°. 

Fish taken, black bass, perch, bullheads and bluegills. 

The black bass averaged 3; the perch were large. The stomachs of all 
fish were nearly empty, and it could not be determined upon what 
they were feeding. 

No recommend as to planting. 


Duncan lake, Thornapple township: 

Length 2 miles, width 1 mile; greatest depth 58 feet. 

Shores high and timbered on west side with sandy beach; east side 
mostly low. 

Bottom hard clay and marl. 

Inlets, two small streams. 

Outlet, one into Thornapple river. 

Dates of examination, June 29 and 30. 

Weather and water clear. 

Temperature, surface 77°; bottom 42°. 

No fish taken. 

Wall-eyed pike and eels recommeded for future planting. 


CLINTON COUNTY. 


Round lake, Victor township: 
Length # miles, width 4 mile; greatest depth 25 feet. 
Shores high on north and east with sandy beach, balance low and. 
marshy. 
Bottom soft black mud. 
No inlet or outlet. 
Date of examination, August 1. 
Weather and water clear. 
Temperature, surface 73°; bottom 67° 
No fish taken. 
Eels recommended for future planting. 


Park lake, Bath township: 
Length 1 mile, width 4 mile; greatest depth 23 feet. 
Shores high with Aa beach, except on west side which is low and 
marshy. 
Bottom soft and muddy. 
Inlet, none; outlet, one small stream. 
Dates of examination, August 1 and 2. 
Weather clear, water roily. 
Temperature, surface 72°; bottom 65°. 
Fish taken, bullheads, bluegills, sunfish, black bass and speckled bass. 
The fish were small and poor. 
Eels recommended for future planting. 


GENESEE COUNTY. 


Silver lake, Fenton township 
Length 1 mile, width 3 ile: greatest depth 61 feet. 
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Shores high with sand beach except on south side which is low and _ 
muddy. woe 

Bottom hard, sand and gravel. a 

No inlet; outlet, one into Pinery lake. 

Dates of examination, August 6 and 7. 

Weather and water clear. 

Temperature, surface 79°; bottom 46°. 

Fish taken, bluegills, perch, sunfish and bullheads. 

Fish small and feeding on crustaceans. 

Wall-eyed pike and eels recommended for future planting. 


Lobdell lake, Argentine township 
Length 14 miles, width # ae ieateet depth 65 feet. 
Shores en with mostly sandy beach. 
Bottom marl, eravel and black muck. 
Inlets, three small streams. 
One large outlet flowing into Shiawassee river. 
Dates of examination, August 6 and 7. 
Weather and water clear. 
Temperature, surface 75°; bottom 42°. et 
Fish taken, perch, black bass, bluegills, sunfish and bullheads. All 
were small. 
Wall-eyed pike recommended for future planting. 


Long lake, Fenton township: 

Length 3 miles, width 1 mile; greatest depth 95 feet. 

Shores high all around with sand and gravel beach. 

Bottom hard, gravel, sand, clay and marl. 

No inlet or outlet. 

Dates of examination, Aug. 5, 6, 7 and 8. 

Water and weather clear. 

Temperature, surface 74°; bottom 49°. 

Fish taken, pickerel, black bass, bluegills, sunfish, perch, bullheads, 
gar pike, and speckled bass. 

The fish were small except the bluegills, which were large and fat, feed- — 
ing on crustaceans. 

Wall-eyed pike and eels recommended for future planting. 


INGHAM COUNTY. 


Pine lake, Meridian township: 
Length 14 miles, width 3 milé; greatest depth 30 feet. 
Shores high with sandy beach on north and west sides, balance low 
and marshy. . 
Bottom marl on black muck. 
No inlet; outlet one small stream. 
Date of ‘examination, Aug. 1. 
Weather clear, water roily. 
Temperature, surface 71° Tpaoni 68°. 
No fish taken. 
Hels recommended for future planting. 
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IONIA COUNTY. 


Long lake, Orleans township: 3 
Length 14 miles, width 4 mile; greatest depth 52 feet. 
Shores high and wooded, mostly sand beach. 
Bottom marl, sand and black muck. 
Inlet, one small stream. * 
Outlet, one large stream. 
Dates of examination, July 24, 25 and 26. 
Weather and water clear. 
Temperature, surface 72°; bottom 53°. 
Fish taken, speckled bass, rock bass, bullheads, black bass and bluegills. 
The black bass were in good condition, other fish small and poor. 
Wall-eyed pike and eels recommended for future planting. 


Morrison lake, Boston and Campbell townships: 
Length 14 miles, width # mile; greatest depth 20 feet. 
Shores, high with sand and gravel beach except on southwest pans is 
low and “marshy. 
Bottom soft and muddy. 
Inlet, one small streain. 
‘Outlet, one small stream flowing into Grand river. 
Dates of examination, July 28, 29 and 30. 
Weather clear, water clouded. 
‘Temperature, surface 74°; bottom 72°. 
Fish taken, speckled bass, bluegills, sunfish, bullheads and dogfish. 
‘The fish were small and poor. 
No recommend as to planting. 


KALKASKA COUNTY. 


Round lake, Clear Water township: 
Length 3 ‘miles, width 1 mile; greatest depth 25 feet. 
Shores, east and southeast, swampy; south and west, some gravel; north- 

west, swamp; north, sandy. 

Bottom sand and marl. | 
Inlets, three not named, Torch river on the east. 
‘Outlet, the narrows between Round and Elk lakes. 
Dates of examination, July 23, 24 and 25. 
Weather 23, warm and still; 24 and 25, cold and windy; water clear. 
Temperature, surface 70°; bottom 69°. 
Fish taken, grass pike, suckers, bluegills, sunfish, rock bass and perch. 
The fish were well fed and showed lar ge growth. 
Recommend eels, carp and bass for planting. 


KENT AND OTTAWA COUNTIES. 


~Oranberry lake, Wright and Alpine townships: 
Length ? mile, width 4 mile; greatest depth 27 feet. 
Bottom soft and muddy. 
Inlet, one small stream on east end. 
Outlet, one small stream on west end. 
Dates of examination, June 22 and 23. 
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Weather clear; water cloudy. 
_ Temperature, surface 80°; bottom 72°. 


Fish taken, bluegills, sunfish, speckled bass, dogfish and suckers. Fish — o 


poor. 
No recommend as to planting. 


KENT COUNTY. 


Muskrat lake, Grattan township: 

Length 4 mile, width 4 mile. 

Shore on west and north low, on east side, beach. 
Bottom soft and muddy. 

No inlet or outlet. 

Date of examination, July 15. 

Weather and water clear. 

Temperature, surface 73°; bottom 49°. 

No fish taken. 

No recommend as to planting. 


Pine Island lake, Grattan township: 

Length 14 miles, width 100 rods; greatest depth 40 feet. 
Shores, mostly wooded, sand and gravel beach, heavy rushes all around. 
Bottom marl, sand and muck. 

Inlet, one small stream. 

Outlet, one, into Muskrat lake. 

Dates of examination, July 14 and 16. 

Weather and water clear. 

Temperature, suface 75°; bottom 49°. 

Fish, black bass, speckled bass, bluegills, sunfish, bullheads. 
The fish were in good condition. 

Eels recommended for future planting. 


Scram lake, Oakfield township: 

Length # mile, width 4 mile; depth 45 feet. 

Shores low on north and south sides; east and west high; beach soft and 
muddy all around. 

Bottom soft, black muck. 

No inlet and outlet. 

Date of examination, July 17. 

Weather clear, water roily. 

No fish taken. 

No recommend as to planting. 


Long lake, Oakfield township: 

Length 1 mile, width 4 mile; greatest depth 40 feet. 
Shores high except on northwest, which is low and sandy. 
Bottom sand and soft mud. 

No inlet or outlet. 

Date of examination, July 17. 

Weather and water clear. 

Temperature, surface 75°; bottom 44°. 

No fish taken. 

Would recommend wall-eyed pike for future planting. 
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“Wabasis lake, Oakfield township: 


Length 14 miles, width 1 mile; greatest depth 55 feet. 

Shores high and wooded; beach soft muck and marshy. 

Bottom hard. 

Inlets, two small streams on north side and four on the south side. 

Outlet, Wabasis creek. 

Dates of examination, July 16, 17, 18 and 19. 

Weather and water clear. 

Temperature, surface 74°; bottom 48°, 

Fish taken, herring, black bass, bluegills, perch, bullheads, speckled 
bass, sunfish and pickerel. 

All the fish were in good condition and showed large growth. 

Wall-eyed pike and eels recommended for future planting. 


‘Zingrafust lake, Oakfield township: 


Length ? mile, width # mile; greatest depth 40 feet. 
Shores, high on south ‘side; balance low and marshy. 

Inlet, one small stream. 

Outlet, one large stream into Wabasis creek. 

Date of examination, July 19. 

Weather and water clear. 

Temperature, surface 74°; bottom 42°. 

Fish taken, herring, rock bass, suckers. 

Fish in good condition, hard and fat. 

Wall-eyed pike and eels recommended for future planting. 


"Woodbeck lake, Oakfield and Spencer townships: 


Length ? mile, width 100 rods. 

Shores high. 

Bottom mar! and sand. 

Inlet, one large stream from Lincoln lake. 
‘Outlet, one into Horseshoe lake. 

Date of examination, July 20. 

Weather clear, water muddy. 
Temperature, surface 75°; bottom 63°. 

No fish taken. 

No recommend as to planting. 


Blue Jake, Oakfield township: 

Length 4 mile, width 4 mile; greatest depth 52 feet. 
Shores high. 

Bottom mar! and sand. 

No inlet or outlet. 

Date of examination, July 20. 

Weather and water clear. 

Temperature, surface 73°; bottom 44°. 

No fish taken. 

Wall-eyed pike recommended for future planting. 


Myers lake, Courtland township: 


Length # 3 mile, width 1 mile; greatest depth 40 feet. 
Shores high, sand beach all around. 
Bottom sand and black muck. 
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No inlet or outlet. 

Date of examination, July 20. 

Weather cloudy, water clear. 

No fish taken and no recommend as to planting. 


Bass lake, Spencer township: ee 
Length 2 3 mile, width 4 mile; greatest depth 20 feet. | oe 
Shores high with sand beach. 

Bottom soft and muddy with some sand. 

No inlet or outlet. 

_ Date of examination, July 21. 

Weather clear, water roily. 

No fish taken. 

No recommend as to planting. * 


Muscallonge, Mud, Blue, Little Lincoln and Massilion lakes, Scheer 
township 

A chain of eee 2 miles long aud 4 mile wide; greatest depth, 40 feet. 

Shores high. 

Bottom mostly hard gravel with some sand and marl. 

Inlet, one small stream. 

Outlet, one into Lincoln lake. 

Date of examination, July 22. 

Weather and water clear. 

Temperature, surface 73°; bottom 44°. 

No fish taken. 

Wall-eyed pike and eels recommended for planting. 


Lincoln lake, Spencer township: 

Length 2 miles, width ? mile; greatest depth 75 feet. 

Shores high. 

Bottom hard sand and gravel with some marl. 

Inlet, one from Little Lincoln lake. 

Outlet, one into Black river. 

Date of examination, July 22. 

Weather and water clear. 

Temperature, surface 73°; bottom 42. 

Fish taken, black bass, bluegills, perch; bullheads, and speckled bass. 
The fish were in good condition and large. 

Would recommend wall-eyed pike and eels for future planting. 


Pickerel lake, Plainfield township: ‘ 
Length ? mile, width 4 mile; greatest depth 28 feet. 

Shores hich except on south and southeast sides; sand beach. 
Bottom sand and marl. 

Inlet, one from Clear lake. 

Oulet, one into Rogue river. 

Date of examination, June 26. 

Weather and water clear. 

Temperature, surface 78°; bottom 72.° 

No fish taken. 

No recommend as to planting. 
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Island lake, Plainfield township: 
Length 2 mile, width 4 mile; greatest depth 60 feet. 
Shores mostly high with sand beach. 
Bottom marl and sand. 
No inlet. 
* Outlet, one into Rogue river. 
Dates of examination, June 25, 26 and 27. 
Weather and water clear. 
Temperature, surface 80°; bottom 42°. 
Fish taken, perch, bluegills, mud bass, black bass and bullheads. 
‘The perch were large, and all fish were fat and in good condition. 
Wall-eyed pike recommended for future planting. 


Camp lake, Alzoma township: 
Length 14 miles, width 4 mile; greatest depth 55 feet. 
Shores high sand beach except on north side which is muddy. 
Bottom sand. 
No inlet. 
Outlet, one flowing into Rogue river. 
Dates of examination, June 26 and 27. 
Weather and water clear. 
Temperature, surface 79°; bottom 46°. 
Fish taken, perch, bluegills, black bass, and speckled bass. 
Fish were in good condition and large. 
Wall-eyed pike recommended for future planting. 


Camel lake, Caledonia township: 
Length ? mile, width 4 tas greatest depth 68 feet. 
Shores high on north and west sides, with sand beach; low and swampy 
on south and east. 
Bottom hard gravel and marl. 
No inlet. 
Outlet one small one, which is dried up at present. 
Date of examination, June 29. 
Weather and water clear. 
Temperature, surface 74°; bottom 40°. 
No fish taken. 
Wall-eyed pike and eels recommended for future planting. 


Camp lake, Caledonia township: 
Length 1 mile, width 4 mile; Proutst depth 60 feet. 
Shores high and timbered on west side, low and marshy on east side, 
with sand beach. 
Bottom marl] and mud. 
No inlet. 
Outlet, one into Thornapple river. 
Dates of examination, June 29 and 30. 
Weather clear, water muddy. 
Temperature, surface 74°; bottom 45°. 
Fish taken, perch, bluegills and suckers. 
The fish were in good condition and large. 
Wall-eyed pike and eels recommended for future planting. 
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Fisk lake, Grand Rapids township: 
- Length 4 mile, width 4 mile; greatest depth’ 61 feet. 
Shores high on north and west sides; balance mostly low and ade 
Bottom, clay, sand, marl and mud. 
Inlet, one from Reed lake. 
Outlet, one into Grand river. 
Date of examination, June 30. 
Weather and water clear. 
Temperature, surface 70°; bottom 45°. 
No fish taken. 
Wall-eyed pike and eels recommended for future planting. 


Pratt lake, Lowell township: 
Length 1 mile, width 4 mile; greatest depth 14 feet. st 
Shores high on north side; low and marshy on south side. 
Bottom, muddy and soft. 
No inlet or outlet. 
Date of examination, June 30. 
Temperature, surface 76°; bottom 68°. 
Weather clear, water cloudy and dark. a 
No fish taken. | 


No recommendation as to future nine. | on8 e 


Reed lake, Grand Rapids township: 

Length 17 miles, width 2 miles; greatest depth 60 feet. 

Shores high bluff on north and south sides; low on east and west. 

Bottom, marl, sand and mud. t 

Inlet, one small stream on the east. 

Outlet, one into Fisk lake. 

Dates of examination, June 28, 29, 30 and July 1. 

Weather clear except on July 1 when it was cloudy. 

Water clear. 

‘Temperature, surface 72°; bottom 55°. 

Fish taken, pickerel, perch, sunfish, black bass, bluegills, dos teh bull-— 
heads and speckled bass. | 

The fish were in good condition, large and fat. 

Wall-eyed pike and eels recommended for future planting. 


‘Powers or T'win lake, Grand Rapids township: 
Length $ mile, width 4 mile; greatest depth 75 feet. 
Shores high and clear, sand beach. 
Bottom sand and marl. 
No inlet or outlet. 
Date of examination, July 3. 
Weather and water clear. 
‘Temperature not taken. ; 
No fish taken. 
Wall-eyed pike recommended for future planting. 


Bostwick lake, Cannon township: . 
Length 1 mile, width 2 mile; greatest depth 25 feet. ~ 
‘Shores high, sand and. gravel. 
Bottom sand. 
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No inlet or outlet. 
Date of examination, July 11. 
Weather and water clear. 
Temperature, surface 71°; bottom 68°. 
No fish taken and no recommend as to planting. 


Crooked lake, Grattan township: 
Length 14 miles, width 4 mile; greatest depth 40 feet. 
Shores high except on north side which is low and marshy, beach soft 
and muddy, except on east and south side, which is sandy. 
Bottom soft and muddy. 
Inlet, one from Round lake. 
Outlet, one small stream into Seely creek. 
Dates of examination, July 9, 10 and 11. 
Weather clear, water roily. 
Temperature, surface 71°; bottom 50°. 
Fish taken, black bass, perch, bluegills, sunfish and bullheads. 
The fish were small but in good condition. 
Eels recommended for future planting. - 


Slayton lake, Grattan township: 
Length ? mile, width 4 miie. 
Shores high and wooded, sand and gravel beach. 
Bottom hard sand and marl. 
Inlet, one small stream. 
Outlet, one into Seeley creek. 
Date of examination, July 10 and 11. 
Weather and water clear. 
Temperature, surface 73°; bottom 45°. 
Fish taken, bluegills, sunfish and perch. 
The fish were in good condition. 
No recommend as to planting. 


Silver,lake, Cannon township: 
Length 1 mile, width # mile; greatest depth 40 feet. 
Shores high, sand and mar! beach. 
Bottom, sand and gravel. 
Inlet, one small stream on each side. 
No outlet, 
Dates of examination, July 11 and 12. 
Weather and water clear. 
Temperature, surface 74°; bottom 63°. 
Fish taken, black bass, black suckers, bluegills, perch, sunfish and 
speckled bass. 
The fish were in good condition and showed good growth. 
No recommend as to planting. 


Nagle, Big, or Horse Shoe lake, Grattan township: 
Length 13 miles, width 4 mile; greatest depth 78 feet. S 
Shores mostly high and timbered; beach, soft except on east side. 
Bottom, sand and marl. , 
Inlet, one. 
Outlet, one into Flat river. 


v 
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Date of examination, July 11, 12 and 13. 

Weather and water clear. 

Temperature, surface 73°; bottom 43°. 

Fish taken, black bass, perch, bluegills, sunfish, hanapie: and pickerel. 
The fish were in good condition and large. 

Wall-eyed pike recommended for future planting. 


Round lake, Grattan township: 


Length # mile, width 4 mile; greatest depth 90 feet. 

Shores high with sand beach. 

Bottom hard sand and marl. 

Inlets, two small streams. 

Outlet, one into Crooked lake. 

Date of examination, July 13. 

Weather and water clear. 

Temperature, surface 73°; bottom 43°. 

Fish taken, pickerel, bluegills, sunfish, bullheads, Spee le bass and 
black bass. 

Fish in good condition, hard and showed good growth. 

Wall-eyed pike recommended for future planting. 


LAPEER COUNTY. 


Nipissing lake, Elba township: 


Length 1 mile, width 4 mile; greatest depth 24 feet. 

Shores high with sand beach. 

Bottom soft and muddy. : 

No inlet or outlet. ° 

Dates of examination, August 12, 13 and 14. 

Weather clear, water roily. 

Temperature, surface 77°; bottom 71°. 

Fish taken, black bass, pickerel, bluegills, perch, sunfish, gar pike, 
dogfish and speckled bass. 

The fish were hard and in good condition; feeding on crustaceans. 

Eels recommended for future planting. 


MONTCALM COUNTY. 


Crooked lake, Eee ee township: 


Length ? mile, width 4 mile; greatest depth 27 feet. 

oi high on east and south, low on north and west, low, muddy 
each. 

Bottom soft and muddy. 

No inlet or outlet. 

Date of examination, August 24. 

Weather cloudy and rainy, water Dente, 

No fish taken, and no recommend as to planting. 


Loon lake, Evergreen and Crystal townships: 


Length # miles, width 2 mile; greatest depth 21 feet. 
Shores high with a sand beach. 
Bottom softand muddy. 

No inlet or outlet. 


' 
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Date of examination, Aug. 25. 

Weather clear, water cloudy, 

Temperature, surface 72°; bottom 61°. 

No fish taken and no recommendation for planting. 


Crystal lake, Crystal Lake township: 
Length 14 miles, width 1 mile; greatest depth 60 feet. 
Shores high and wooded; sand and gravel beach. 
Bottom hard sand and marl. 
Inlet, one small stream. 
Outlet, one large stream into Fish creek. 
Dates of examination, Aug. 24, 25 and 26. 
Weather, 24th, clear; 25th, rain; 26th, cloudy. 
Water clear. 
Temperature, surface 77°; bottom 49°. 
Fish taken, pickerel, small mouth black bass, cee mouth black. 
bass, bluegills, perch and sunfish. 
The fish were in good condition, large and fat. 
Wall-eyed pike and eels recommended for future planting. 


Bass lake, Richland township: 
Length ? mile, width 100 rods; greatest depth 11 feet. 
Shores low, with muddy beach. 
No inlet or outlet. 
Date of examination, Aug. 26. 
Weather cloudy, water roily. 
Temperature, surface 70°; bottom 64°. 
No fish taken, and no recommendation as to planting. 


Duck lake, Crystal township: ~ 
Length one mile, width # mile; greatest depth 15 feet. 
Shores low, with sand and muddy beach. 
Bottom mostly muddy, some sand. 
No inlet. 
Outlet, one flowing into Fish creek. 
Date of examination, Aug. 26. 
Weather cloudy, water roily. 
Temperature, surface 73°; bottom 64°. 
No fish taken and no recommend as to planting. 


Dickerson’s lake, Douglass and Sidney townships: 
Length 1 mile, width 4 mile; greatest depth 37 feet. 
Shores high on north nd south sides; low on east and ao with sand. 

and muddy beach. 
Bottom soft and muddy. 
Inlet, one small stream. 
Outlet, one flowing into Flat river. 
Date of examination, August 29. 
Weather clear, water cloudy. 
Temperature, surface 76°; bottom 54°. 
No fish taken, and no recommend as to future planting. 
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Big and Little Turk lake, Montcalm township: 
Length 14 miles, width 4 mile; greatest depth 18 feet. 
Shores high on west side, low and marshy on east side. * 
Bottom soft, mostly marl. 
No inlet or outlet. 
Temperature, surface 66°; bottom 60°. 
No fish taken, and no recommend as to planting. 


‘Clifford lake, Douglass township: 
Length 14 miles, width + mile; greatest depth 50 feet. 
Shores high, with sand beach. 
Bottom hard clay. 
No inlet or outlet. 
Dates of examination, August 28, 29 and 30. 
Weather and water clear. 
Temperature, surface 74°; bottom 56°. 
Fish taken, black bass, perch, speckled bass, bluegills, sunfish and. 4 
pickerel. 
Fish in good condition and feeding on crustaceans. 
Kels recommended for future planting. 


Derby lake, Sidney township: 

Length 1 mile, width 4 mile; greatest:depth 95 feet. 

Shore high all around except on north east corner, mostly sand and 
gravel beach. 

Bottom hard sand and clay. 

No inlet. 

Outlet, flowing to Fish creek. 

Dates of examination, Aug. 29 and 380. 

Temperature, surface 73°; bottom 42°. 

Weather and water clear. 

Fish taken, pickerel, black bass, speckled bass, bluegills, sunfish and! 
perch. 

Wall-eyed Uy and eels recommended for future planting. 


Baldwin lake, Wurcke township: 
Length 1 mile, width 4 mile; greatest depth 34 feet: 
Shores high and wooded ; sand and gravel beach. 
Bottom mostly sand, some soft mud. 
No inlet. 
Outlet, one flowing to Flat river. 
Date of examination, Aug 31. 
Weather cloudy, water clear. 
Temperature, surface 65°; bottom 57°. 
No fish taken. 
Kels recommended for planting. 


Long lake, Pine township: 
Length 1 mile, width 4 mile; greatest depth 17 feat. 
Shores high, covered with dead pine, sand beach. 
Bottom soft and muddy. 
One inlet and no outlet. 
Date of examination, Sept. 1. 
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Weather clear, water roily. 
Temperature, surface 65°; - bottom 64°. 
No fish taken, and no recommend as to planting. 


Muskallonge lake, Maple Valley township: 
Length 14 miles, width # mile; greatest depth 37 feet. 
Shores high and covered with dead pine. 
Bottom soft marl and sand. 
Inlet, one small stream. 
Outlet, one, flowing to Lincoln lake. 
Date of examination, Sept. 1. 
Weather and water clear. 
Temperature, surface 65°; bottom 52°. 
No fish taken. 
Wall-eyed pike and eels recommended for planting. 


Cowden lake, Maple Valley township: 
Length 1 mile, width 4 mile; greatest depth 42 feet. 
Bottom hard and sandy. 
No inlet or outlet. 
Date of examination, Sept. 1. 
- Weather and water clear. 
Temperature, surface 67°; bottom 57°. 
No fish taken. 
Wall-eyed pike recommended for planting. 


Tamarack lake, Kato township: 
Length 14 mile, width ? mile; greatest depth 20 feet. 
Shores high, bottom covered with sawdust. 
No inlet or outlet. 
Date of examination, September 3. 
Weather clear and cold, water dark and roily. 
Temperature, surface 62°; bottom 60°. 
No fish taken and no recommend as to planting. 


Six lakes, Belvidere township: 

Length lake No. 4, $ mile, No. 5, 2 mile; width, No. 4, 100 rods, No. 5,, 
4 mile; greatest depth 35 feet. 

Shores high with sand beach. 

Bottom mostly hard and sandy. 

One inlet and one outlet. 

Date of examination, September 3. 

Weather clear and cold, water dark and cloudy. 

No fish taken. 

Eels recommended for future planting. 


Town Line lake, Kato and Belvidere townships: 
Length 14 miles, width 4 mile; greatest acai 40 feet. 
Shores high with sand beach; bottom covered with sawdust. 
No inlet; outlet, one into Flat river. ‘ 
Date of examination, September 3. 
Weather and water clear. 
Temperature, surface 65°; bottom 55°. 
No fish taken and no recommend as to future planting. 


“70 TENTH REPORT—STATE FISHERIBS. — 
OTTAWA AND MUSKEGON COUNTIES, 


Spring lake, Spring lake and Fruit Port townships: 

Length 5 ‘miles, width # mile; greatest depth 47 feet. 

Shores high and sandy “with sand beach. 

Bottom clay, sand and gravel. : 

Inlets, five, five streams, also a number of springs alee the shore. 

Outlet, one which empties into Grand river. ; 

Dates of examination, June 19, 20, 21 and 22. 

Weather, 19 and 20, cloudy; 21 and 22, clear. 

Water clear. 

Temperature, surface 72°; bottom 62°. 

Fish taken, wall-eyed pike, perch, bluegills, sunfish, bullheads, suckers, 
speckled "bass, large mouth black bass, sheephead and rock bass. 

The tish were all hard but small, except. wall-eyed pike and sheephead 
which were large and fat. 

No recommendation as to future planting. 


OTTAWA COUNTY. 


Black lake, Holland township: 

Length 6 miles, width 2 miles; greatest depth 30 feet. 

Shores high, with saud beach nearly around. 

Bottom mar! and sandy. 

Inlets, eight, seven small and one large stream; outlets, one large stream . 
into Lake Michigan. 

Dates of examination, June 15, 16, 17 and 18. 

Weather, 15 and 16, clear: 17 and 18, cloudy. 

Water clear. 

Temperature, surface 72°; bottom 60°. 

Fish taken, herring, white bass, pickerel, perch, rock bass, black bass, 
speckled bass, bullheads, suckers, bluegills, sunfish,, sheepheads and 
gar pike. The fish taken were in splendid. condition, hard and fat, 
and stomachs full of different kinds of food. 

Could recommend nothing but eels. 


Crockery lake, Chester township: 

Length 1 mile, width 4 mile; greatest depth 53 feet. 

Shores high, sod eTrowing to water's edge. 

Bottom hard, mari and sand. 

Inlets, two small streams, one on the east end and one on the southwest 
side; outlet, one on west end flowing into Crockery creek. 

Date of examination, June 23. 

Weather and water clear. 

Temperature, surface 75°; bottom 45°. 

No fish taken. 

Wall-eyed pike and white bass recommended for future planting. 


_Finnessey lake, Talmadge township: 

Length ? mile, wiglth + mile; greatest depth 10 feet. 

Shores mostly low: and muddy, high on the north side, with sand 
beach. 

Bottom soft and muddy. 
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No inlet or outlet. 

Date of examination, July 1. 

Weather and water clear. 

Temperature, surface 74°; bottom 73°, 

No fish taken and no recommend as to future planting. 


EXAMINATION OF LAKES, 1892, 
MECOSTA COUNTY. 


Young’s lake, Grant township: 

Length # mile, width 4 mile; greatest depth 20 feet. 

Shores high on north and west side, low and marshy on the east and 
south side. 

Bottom soft, on the east and south eae hard clay on west side. 

Inlets, none. 

Outlet, one, flowing ito Muskegon river. 

Date of examination, September 15. 

Weather clear, water dark. 

Temperature, surface 62°; bottom 60°. 

No fish taken. 

Kels recommended for future planting. 


Foger lake, Chippewa township: 
Length ? mile, width 60 rods; greatest depth 48 feet. 
Shore mostly low, with muddy beach, except north side, which is high, 
with sand beach. 
Bottom sand on north and east, balance muddy. 
No inlet or outlet. 
Date of examination, Sept. 16. 
Weather clear, water dark. 
Temperature, surface 61°; bottom 51°. = 
No fish taken. 
Eels recommended for future planting. 


Pickerel lake, Grant and Coalpacks townships: 
Length $ mile, width 4 mile; greatest depth 43 feet. 
Shores high, except on northeast side, which is low and marshy; beach 
all soft, “except on southeast side. 
Bottom, mostly mud, some clay. 
One inlet and one outlet. 
Date of examination, Sept. 17. 
Weather clear, water dark. 
No fish ‘taken. 
Hels recommended for future planting. ‘ 
Town Line lake, Big Rapids and Coalpacks townships: 
Length 4 mile, width 4 mile; greatest depth 50 feet. 
Shores mostly ‘high with sand beach. 
Bottom soft and muddy. 
Inlets, two small streams; outlet, one flowing into Muskegon river. 
Date of examination, Sept. 17. 
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- Round lake, Martiny township 
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Weather and water clear. 

Temperature, surface 67°; bottom 46°. 

No fish taken. 

Wall-eyed pike and eels recommended for future planting. 


Length 1 ‘mile, width # ae ‘greatest depth 8 feet. 
Bottom mud. 

No inlet. 

Outlet, one into Horsehead lake. 

Date of examination, Sept. 19. 

Weather clear, water dark. 

Temperature, surface 62°; bottom 61°. 

No fish taken, and no recommend as to future planting. 


Horsehead lake, Martiny township: 


Length 2 miles, width 1 mile; greatest depth 54 feet. 

Shores high, with sand and gravel beach. 3 

Bottom clay, gravel, marl and mud. ye 

Inlet, one. 

Outlet, one, flowing into Little Muskegon river. 

Dates of examination, Sept. 19 and 20. 

Weather clear, water dark. 

Temperature, surface 63°; bottom 54°. 

Fish taken, grass pike, rock bass, sunfish and bullhead. 

The fish were in good condition, but small; feeding on larva and vegeta~ 
tion. 

Wall-eyed pike recommended for future planting. 


Evans lake, Chippewa and Martiny townships: 


Length 14 mile, width # mile; greatest depth 49 feet. 

Shores mostly low with. soft, muddy beach. ? 

Bottom, clay marl and mud. 

Inlet, one; outlet, one flowing to Chippewa river. 

Date of examination, September 20. 

Weather clear, water dark. 

Temperature, surface 62°; bottom 48°. 

Fish taken, grass pike, large mouth black bass, rock bass, pluegills and 
perch. 

Wall-eyed pike and eels recommended for future planting. 


Clear lake, Martiny and Sheridan townships: 


Length 4 mile, width 4 mile; greatest depth 25 feet. 

ee ee all round except on west side which is low, mostly sand 
beac 

Bottom hard near shore, muddy in center. 

Inlet, one; outlet, one flowing into Chippewa river. | 

Date of examination, September 20. - ' 

Weather and water clear. ) ; 

Temperature, surface 63°; bottom 61°. 


No fish taken. Eels recommended for future planting. 
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Chippewa lake, Chippewa township: 

Length 13 miles, width 14 miles; greatest depth 38 feet. 

Shores mostly high, with sand beach. 

Bottom hard clay. 

Inlets, two small streams. 

Outlet, one, flowing into Chippewa river. 

Dates of examination, September 15, 16, 17, 18, 19, 20, 21. 

Weather clear, water dark. 

Temperature, surface 63°; bottom 61°. 

Fish taken, smal! mouth black bass, grass pike, calico bass, rock bass, 
bluegills, perch, suckers and dogfish. 

The fish taken were in fair condition, not very large, feeding principally 
on larva. 

Eels recommended for future planting. 


Round lake, Morton township: 
Length 1 mile, width # mile; greatest depth 43 feet. 
Shores mostly high, with sand beach. 
Bottom marl! and sandy. 
Inlet, one. 
Outlet, one, flowing to Long lake. 
Dates of examination, September 21 and 22. 
Weather and water, clear. 
Temperature, surface 65°; bottom 49°. 
Fish taken, grass pike, bluegills, sunfish, and perch. 
The fish taken were in good condition, feeding on larva, crustacea and 
vegetation. 
Eels recommended for future planting. 


Long lake, Morton township: 
Length see mile, width 4 mile; greatest depth 47 feet. 
Shores Hee ‘high, with sand beach; low and swampy on east side. 
Bottom, hard clay and marl. 
Inlet, one. 
Outlet, one flowing into Little Muskegon river. 
Dates of examination, September 21 and 22. 
Weather and water clear. 
Fish taken, perch, grass pike, bullheads, bluegills and rock pies 
The fish were small, but in good condition, feeding on larva and vegeta- 
tion. 
Eels recommended for future planting. 


Blue lake, Morton township: 
Length 1 mile, width # mile; greatest depth 50 feet. 
Shores high all around, except on west side, sand beach. 
Bottom clay and marl. 
Inlet, one; outlet, one flowing into Little Muskegon river. 
Dates of examination, Sept. 22 and 23. 
Weather and water clear, 
Temperature, surface 62°; bottom 52”. 
Fish taken, grass pike, large mouth black bass, bluegills, bullheads, and 
perch. 
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The fish taken were in good condition, hard and fat, feeding on shells — 
and vegetation. 
Wall-eyed pike and small mouth bass recommended for future planting. 


MUSKEGON COUNTY. 


Wolfflake, Egelston township: 
Length 1 mile, width 1 mile; greatest depth 42 feet. 
Shores high, with sand beach all around. 
Bottom around central part, muddy; balance sand. 
Inlet, one small stream; no outlet. 
Dates of examination, July 22, 23, 24. 
Weather and water clear. 
Temperature, surface 77°; bottom 63°. 
Fish taken, large mouth black bass, bluegills, perch, bullheads, and dog- 
fish. 
Fish were large, fat and hard, and in good condition. 
Wall-eyed pike recommended for future planting. 


Little Black lake, Norton township: 
Length ? mile, width 100 rods; greatest depth 14 feet. 
Shores low, with sand beach. , 
Bottom soft and muddy. 
Inlet, one small stream. 
Outlet, one, emptying into Lake Michigan. : 
Date of examination, July 26. 
Weather clear, water very dark. 
Temperature, surface 86°; bottom 84°. 
No fish taken and no recommend as to future planting. 


Mona or Black lake, Martin township 
Length 4 miles, width 4 4 mile; to a depth 50 feet. 
Shores high, with mostly sand beach. 
Bottom muddy. 
Inlets, six, the principal one bone Black creek. 
Outlet, one, which empties into Lake Michigan. 
Dates of examination, July 26, 27, 28 and 29. 
Weather clear, water very dark. 
Temperature, surface 87°; bottom 66°. 
Fish taken, large mouth black bass, calico bass, bluegills, suckers and 

gar pike. 

The fish taken were poor and small. 
No recommend as to future planting. 


Goose Egg lake, Dalton township: 
Length 4 mile, width 40 rods; greatest depth 12 feet. 
Shores high all round with sand beach. 
Bottom mud, weeds all over the lake showing above the surface. 
No inlet or outlet. 
Date of examination, August 1. 
Weather clear, water very dark. 
Temperature, surface 72°; bottom 70°. 
No fish taken and no recommendation as to planting. 
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Fox lake, Dalton township: 
Length ? mile, width 6U rods; greatest depth 12 feet, 
Shores high with sand beach all around. 
Bottom soft mud. 
No inlet or outlet. 
Date of examination, August 1. 
Weather clear, water dark. 
Temperature, surface 73°; bottom 70°. 
No fish taken and no recommendation as to future planting. 


Town Line lake, Cedar Creek township: 
Length 80 rods, width 50 rods; greatest depth 8 feet. 
Shores high oak openings, with sand beach. 
Bottom soft mud. 
No inlet or outlet. 
Date of examination, August 2. 
Temperature, surface 78°; bottom 75°. 
No fish taken and no recommendation as to planting. 


Duck lake, Cedar Creek township: 
Length 4 mile, width 4 mile; greatest depth 24 feet. 
Shores high with sand beach nearly all around. 
Bottom soft and muddy. 
Inlets, two and one outlet. 
Date of examination, August 4. 
Weather and water clear. 
Temperature, surface 74°; bottom 66°. 
No fish taken and no recommendation as to future planting. 


Clear lake, Cedar Creek township: 
Length ? mile, width 100 rods; greatest depth 46 feet. 
Shores high with sand beach all around. 
Bottom marl. 
No inlet except springs. 
Outlet, one flowing into Mud lake. 
Dates of examination, August 2, 3 and 4. 
Weather cloudy on 2d and 4th; clear on the 3d. 
Water clear. 
Temperature, surface 73°; bottom 52°. 
Fish taken, pickerel, bluegills, bullheads, black bass, perch, calico bass 
and sunfish. 
The fish were in good condition, of fair size and fat. 
Kels recommended for future planting. 


Twin lakes, Dalton township: 

Length 1? miles, width ? mile; greatest depth 32 feet. 

Shores high, with sand beach all around. 

Bottom, east lake, mud and sand; middle lake, mud, clay and sand; 
north lake, mud and clay; west lake, clay, marl and sand. 

No inlet or outlet. 

These lakes were at one time all in one, but the water has lowered until 
there are now four separate lakes with sandbars between them. 

Dates of examination, August 1, 2, 3 and 4. 
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Weather and water clear. 

Temperature, surface 82°; bottom 72°. 

Fish taken, perch, sunfish, bullheads and chub suckers. 
The fish were in good condition, the perch very fat: 
Eels recommended for future planting. 


Lake on Sec. 30, no name, Holton township: 
Length 4$ mile, width 40 rods; greatest depth 6 feet. 
Shores high on west side, low and marshy on east side. 
Bottom soft and muddy. 
No inlet or outlet. 
Date of examination, August 5. 
Weather clear, water dark. 
Temperature, surface 73°; bottom 70°. 
No fish taken and no recommendation as to planting. 


Crooked lake, Holton township: 
Length 2 mile, width 100 rods; greatest depth 18 feet. 
Shore high; bottom soft and muddy. 
No inlet or outlet. 
Date of examination, Aug. 5. 
Weather clear, water dark. 
Temperature, surface 78°; bottom 70.° 
No fish taken and no recommendation as to pJanting. 


Round lake, Holton township: 
Length 4 mile, width 50 rods; greatest depth 6 feet. 
Shores high all around; bottom soft mud. 
No inlet or outlet. 
Date of examination, Aug. 5. 
Weather clear, water dark. 
Temperature, surface 74°; bottom 71.° 
No fish taken and no recommendation as to planting. 


Big Blue lake, Blue Lake township: 

Length 24 miles, width # mile; greatest depth 45 feet. 

Shores high, with sand beach and oak timber all around. 

Bottom hard mar] and clay. 

_One inlet, and one outlet which flows into White river. 

Date of examination, Aug. 6 and 7. 

Weather and water clear. 

Temperature, surface 74°; bottom 52.° 

Fish taken, small and large mouth bass, perch, bluegills, suckers and 
golden shiners. The fish were in good condition, fat and hard; the 
small mouth bass weighed from 3 to 44 pounds. 

Wall-eyed pike and eels recommended for future planting. 


Britton lake, Blue Lake township: 
Length 4 mile, width 40 rods; greatest depth 22 feet. 
Shores high with sand beach; bottom soft and muddy. 
No inlet or outlet. 
Date of examination, Aug. 8. 
Weather cloudy, water dark. 


TENTH REPORT—STATE FISHERIES. 7 


Temperature, surface 78°; bottom 69°. 
No fish taken and no recommendation as to future planting. 


Round lake, Holton township:. 
Length 60 rods, width 40 rods; greatest depth 7 feet. 
Shores high with sand beach; bottom soft and muddy. 
No inlet or outlet. 
Date of examination, Aug. 8. 
Weather and water cloudy. 
Temperature, surface 74°; bottom 72°. 
No fish taken and no recommend as to future planting. 


Little Blue lake, Blue Lake township: 
Length 1 mile, width 80 rods; greatest depth 11 feet. 
Shores high with sand beach; bottom very soft mud. 
No inlet or outlet. 
Date of examination, Aug. 8. 
Weather cloudy, water clear. 
Temperature, surface 79°; bottom 74°. 
No fish taken, and no recommendation as to future planting. 


Crystal lake, Blue Lake township: 
Length 130 rods, width 80 rods; greatest depth 24 feet. 
Shores high, with sand beach; bottom sandy and muddy. 
No inlet or outlet. 
Date of examination, Aug. 11. 
Weather and water clear. 
Temperature, surface 76°; bottom 69°. 
No fish taken. 
Eels recommended for future planting. 


White lake, Fruit Land, White River, White Hall and Montague town- 

ships: 

Length 5 miles, width 14 miles; greatest depth 80 feet. 

Shores high, with sand beach. 

Bottom covered with shingles and sawdust, some sand. 

Inlets, six, the principal one being the White river. 

Outlet, one which empties into Lake Michigan. 

Date of examination, Aug. 10,11, 12 and 13. 

Weather clear, water dark. 

Temperature, surface 74°; bottom 68°. 

Fish taken, large and small mouth bass, white bass, perch, Blneectiel 
calico bass, sheephead, redhorse, dogfish, and gar pike. 

The fish taken were in good condition and feeding principally on crusta- 
ceans. Wall-eyed pike recommended for future planting. 


Duck lake, Fruit Land township: 
Length ” miles, width # mile; greatest depth 68 feet. 
Shores high, with sand beach. 
Bottom mostly hard clay and sand; soft and muddy on east end. 
Inlet, one large stream called Duck creek. 
Outlet, one, which empties into lake Michigan. 
Dates of examination, Aug. 12, 18, 14. 
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Weather and water clear. 

Temperature, surface 75°; bottom 55°. 

Fish taken, small mouth bass, pickerel, herring, calico bags, bluegills, — 
and gar pike. 

The fish were in good condition and feeding principally upon larva. 

Wall-eyed pike recommended for future planting. 


MONTCALM COUNTY. 


‘Bass lake, Pierson township: 
Length 120 rods, width 100 rods; greatest depth 30 feet. 
Shores high, with oak grubs and sand beach. 
Bottom clay, sand and mud. 
No inlet or outlet. 
Dates of examination, July 29 and 30. 
Weather and water clear. 
Temperature, surface 71°; bottom 62°. 
Fish taken, large and small mouth bass, bluegills and perch. 
The fish were in good condition, the bluegills large and the bass and 
perch small, but fat. 
Small mouth bass and eels recommended for future planting. 


Whitefish lake, Pierson township: 

Length 14 miles, width 1 mile; greatest depth 50 feet. 

Shores mostly high and partly cleared, sand beach. 

Bottom mostly hard and sandy with some mud. 

Three inlets and one outlet which empties into Little Whitefish lake. 

Dates of examination, June 27, 28, 29, 30, July 1, 2 and 3. 

Weather June 27 and J uly 2, rainy and cold; J uly 1 and 3 cloudy; June 
28, 29 and 30, clear. 

Water roily. 

Temperature, surface 66°; bottom 56°. 

Fish taken, herring, large mouth bass, pickerel, bluegills, perch, sunfish, 
bullheads, gar pike, mudfish, calico bass and rock bass. 

The herring and gar pike were large and fat, the other fish small but in 
good condition. 

Small mouth bass and eels recommended for future planting. 


Little Whitefish lake, Pierson township 
Length # mile, width 3 3 mile; Sr cnteat opt 40 feet. 
Shores northeast side high and clear, the balance low, swampy and 
timbered. 
Bottom mostly marl, some sand. 
Inlet, one large stream from Big Whitefish lake. 
Outlet, Alley creek which empties into Tamarack creek. 
Dates of examination, June 380, July 1 and 2. 
eeeine June 30 clear, July i cloudy, July 2, rainy and cold, water 
roily . 
Temperature, surface 67°; bottom 53°. 
Fish taken, pickerel, bluegills and perch. 
’ The fish were in good condition, the bluegills and pickerel large, the 
perch small but fat. 
Eels recommended for future planting. 
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Wood lake, Pierson township: 
Length 4 mile, width 100 rods; greatest depth 35 feet. 
Shores high, with sand beach; bottom muddy and sawdust. 
No inlet or outlet. 
Date of examination, July 3. 
Weather cloudy, water roily. 
Temperature, surface 66°; bottom 55°. 
No fish taken and no recommendation as to future planting. 


Sand lake, Pierson township: 
Length ? mile, width 2 mile; greatest depth 32 feet. 
Shore high and mostly clear. 
Bottom sand, mud and sawdust. 
Inlet, none. 
Outlet, Duke creek. 
Date of examination, July 1. 
Weather cloudy, water very roily. 
Temperature, surface 68°; bottom 56°. 
No fish taken and no recommendation as to future planting. 


NEWAYGO COUNTY. 


Horseshoe, or Baptist lake, Ensley township: 
Length 4 mile, width 4 mile; greatest depth 62 feet. 
Shores high and mostly cleared, with sand beach. 
Bottom hard and sandy. 
No inlet or outlet. 
Dates of examination, July 2, 3, and 4. 
Weather, July 2, rainy and cold; 3, cloudy and cold; 4, clear. 
Water clear. 
Temperature, surface 67°; bottom 59°. 
Fish taken large mouth bass, bluegills and mud bass. 
The fish were large and fat but soft. 
Wall-eyed pike, small mouth bass and eels recommended for future 
planting. 


Conover lake, Ensley township: 

Length $ mile, width 100 rods; greatest depth 75 feet. 

Shores high mostly cleared, with sand beach. 

Bottom hard sand. | ; 

No inlet or outlet. 

Dates of examination, July 2, 3 amd 4. } 

Weather July 2, rainy and cold; 3, cloudy and cold; 4, clear. 

Water clear. 

Temperature, surface 67°; bottom 42°. 

Fish taken, large mouth bass, bluegills and perch. 

The fish were in good condition, large and fat, feeding on shrimps and 
larva, the perch feeding on small fry. 

Wall-eyed pike, small mouth bass and eels recommended for future 
planting. 
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Pettit lake, Croton township: 
Length ? mile, width 4 mile; greatest depth 14 feet. 
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Shores mostly high with sand beach. 
Bottom soft and very muddy. 

No inlet or outlet. 

Date of examination, July 8. 

Weather clear, water dark. 
Temperature, surface 77°; bottom 66°. 
No fish taken. 

Carp recommended for future planting. 


Brooks lake, Brooks township: 
Length 14 miles, width 2 mile; greatest depth 15 feet. 
Shores mostly high with sand beach. 
Bottom sand and soft mud. 
Inlet, one from Hess lake. 
Outlet, one into Muskegon river. 
Date of examination, July 8. 
Weather clear, water dark. 
No fish taken and no recommendation as to future planting. be 


Hess lake, Brooks township: 

Length 3 miles, width not given; greatest depth not given. 

Shores mostly high and sandy, low and marshy in places on the south 
side. 

Bottom, sand along the north side, mud and marl along the south side. 

Inlets, five, all on the south side. 

Outlet, one into Brook’s lake. 

Dates of examination, July 7, 8 and 9. 

Weather clear, water dark. 

Temperature, surface 77°; bottom 66°. 

Fish taken large mouth bass, bluegills, perch, sunfish, golden shiners 
and gar pike. 

The fish were of good size and fat, but soft and wormy. 

Nothing recommended for future planting. 


Bills Lake, Croton township: 

Length # mile, width 100 rods; hon eet depth 74 feet. 

Shores high on the east side, low on the west side. 

Bottom hard clay and marl, also some sand. 

Inlet one, Spring brook. 

Outlet the head of Rouge river. 

Date of examination, July 8 and 9. 

Weather and water clear. 

Temperature, surface 76°; bottom 57”. 

Fish taken, brook trout, small mouth bass, perch, bluegills, large’ mouth 
bass and sunfish. | 

The fish were large and fat. 

Salmon trout, wall-eyed pike and small mouth black bass recommended 
for future planting. 


Big Marl lake, Brooks and Everet townships: 
Length ? mile, width 60 rods; greatest depth 58 feet. 
Shores high, sand beach all around. 
Bottom mostly clay and marl, with some mud. 
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No inlet. 

One outlet which empties into Muskegon river. 

Daté of examination, July 11. 

Weather and water clear. 

Temperature, surface 76°; bottom 45°. 

Fish taken, pickerel, large mouth bass, bluegills: and perch. 

Fish were in good condition, hard and fat. 

Wall-eyed pike and small mouth bass recommended for future planting. 


Kimbal lake, Garfield township: 
Length 1 mile, width 4 mile; greatest depth 48 feet. 
Shores high, sand beach on south and west side, balance mostly low and 
swampy. 
Bottom mostly clay and marl and some mud. 
One inlet and one outlet which empties into Pickerel lake. 
Date of examination, July 11. 
Weather cloudy, water clear. 
Temperature, surface 77°; bottom 50°. 
No fish taken. 
Eels recommended for future planting. 


Little Marl lake, Brooks township: 
Length 4 mile, width 40 rods; greatest depth 35 feet. 
Shores high, sand beach all around. 
Bottom clay and marl. 
Inlet one, from Big Marl lake. 
Outlet one, flowing into Muskegon river. 
Date of examination, July 11. 
Weather and water clear. 
Temperature, surface 80°; bottom 61°. 
No fish taken. 
Wall-eyed pike recommended for future planting. 


Pickerel lake, Garfield township: 
Length 14 miles, width # mile; greatest depth 65 feet. 
Shores mostly high with sand beach. 
Bottom hard clay and sand. 
Inlet one, from Kimbal lake. 
Outlet one, into Muskegon river. 
Dates of examination July 11 and 12. 
Weather, 11th cloudy; 12th clear. 
Water clear. 
Temperature, surface 76°; bottom 49°. 

‘ Fish taken, pickerel, bluegills, perch, rock bass and black bass. 

The fish were in good condition. 
Wall-eyed pike and small mouth bass recommended for future planting. 


Big Twin lake, Everett township 
Length # mile, width 60 eax Beefy depth 23 feet. 
Shores all high except on east side which is low and marshy. 
Bottom clay, marl and mud. 
Inlet one good sized stream. 
Outlet one, which empties into Muskegon river. 
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Date of examination, July 12. 

Weather and water clear. 

Temperature, surface 77°; bottom 58°. | 

No fish taken and no recommendation as to future planting. 


Fourth lake, Sherman township: .- 
Length 80 rods, width 40 rods; greatest depth 20 feet. 
Shores high and timbered on south side, low and swampy on north side. . 
Bottom muddy. 
Inlet one from Feck’s lake. 
Outlet one into Third lake. 
Date of examination, July 15. 
Weather clear, water dark. 
No fish taken and no recommendation as to future planting. 


Third lake, Sherman township: 
Length 2 mile, width 100 oe greatest depth 26 feet. 
Shores soft and marshy all around. Pond lilies around entire lake. 
Bottom soft and muddy. 
Inlet, one from Fourth lake. 
Outlet, one into Second lake. 
Date of examination, July 15 and 16. 
Weather clear, water dark. 
Fish taken, bluegills and perch. 
The fish were in fairly good condition. 
No recommendation as to future planting. 


Second lake, Sherman township: 
Length 100 rods, width 60 rods; greatest depth 37 feet. 
Shores mostly high, with soft, marshy beach. Pond lilies all around. 
Bottom muddy. 
Inlet, one from Third lake. 
Outlet, one into First lake. 
Date of examination, July 15. 
Weather clear, water dark. 
No fish taken and no recommendation as to future planting. 


Peck’s lake, Sherman township: 
Length 4 mile, width 60 rods; greatest depth 75 feet. 
Shores high with sand beach on north side; low and muddy on south 
side. 
Bottom soft and muddy. 
No inlet. 
Outlet, one into Fourth lake. 
Dates of examination, July 17 and 18. 
Weather and water clear. 
Fish taken, calico bass, bluegills, perch and rock bass. 
The fish were large and in good condition. 
Wall-eyed pike recommended for future planting. 


Crystal lake, Sherman township: - 
Length 4 mile, width 4 mile;  Eremeet depth not given. 
Shores high with sand beach all around. 
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Bottom hard clay. 

No inlet or outlet. 

Weather and water clear. 

Temperature, surface 73°; bottom 51°. 

Fish taken, large mouth bass, bluegills and perch. 

The fish were in good condition, hard and fat. 

Wall-eyed pike and small mouth bass recommended for future planting. 


Big Bass lake, Sherman township: . 
Length 4 mile, width 30 rods; rsatont aspty 38 fent. 
Shores low and soft, partly sand beach. 
Bottom soft and muddy. 
Two inlets and one outlet which flows into White river. 
Date of examination, July 19. 
Weather clear, water very dark. 
Temperature, surface 77°; bottom 55°. 
No fish taken and no recommendation as to future planting. 


Long lake, Sherman township: 
Length 13 miles, width ? mile; greatest depth 90 feet. 
Shores mostly high, with sand beach. 
Bottom mostly hard, sand and gravel. 
One inlet, and one outlet which flows into Kimbal lake. 
Weather and water clear. 
Temperature, surface 73°; bottom 48°. 
Fish taken, pickerel, large mouth bass, bluegills, perch, calico bass, rock 
bass and bullheads. 
The fish were hard and fat and feeding on larva and crustaceans. 
Wall-eyed pike and small mouth bass recommended for future planting. 


Fremont lake, Sheridan township: 

Length 14 miles, width 14 miles; greatest depth 102 feet. 

Shores high around, with sand beach. 

Bottom mostly hard clay and sand. 

inlets, three; one large and two small streams. 

_ Outlet one large stream flowing into Brook’s creek. 

Dates of examination, July 16, 17, 18 and 19. 

Weather, 19th clear; 16th, 17th and 18th, cloudy. 

Water clear. 

Temperature, surface 77°; bottom 51°. 

Fish taken, herring or ciscos, large mouth bass, pickerel, bluegills, cal- 
ico bass, perch, rock bass, suckers, sunfish, bullheads and golden 
shiners. 

Fish were in good condition, large and fat. 

Wall-eyed pike, small mouth bass and salmon trout recommended for 
future planting. 


Kims lake, Denver township: 
Length 100 rods, width 4 mile; greatest depth 20 feet. 
Shores low and marshy nearly all around, except on north side; beach 
low and soft. 
Bottom soft and muddy. 
No inlet. 
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Outlet, one which flows into White river. 

Date of examination, Aug. 31. 

Weather cloudy and rainy, water dark. 

Temperature, surface 76°; bottom 72°. 

No fish taken and no recommendation as vs future planting. 


Little Twin lake, township has no name: 
Length ? mile, width 60 rods; greatest depth 20 feet. 
Shores high on north and west side, balance low and marshy. 
Bottom soft and muddy and covered with weeds. 
Inlet, one from Big Twin lake. 
Outlet, one into Pickerel lake. 
Date of examination, Sept. 6. 
Temperature, surface 67°; bottom 64°. 
No fish taken and no recommendation as to future planting. 


Big Twin lake, township no name: 

Length 4 mile, width 4 mile; greatest depth 56 feet. 

Shores high on east and north sides with sand beach, balance low and 
marshy, beach soft. 

Bottom marl and mud. 

One inlet and one outlet which flows into Little Twin lake. 

Dates of examination, Sept. 6 and 7. 

Temperature, surface 68°; bottom 44°. 

Weather and water clear. 

Fish taken, grass pike, bluegills, and suckers. 

Fish were in good condition, large, hard and fat, and feeding principally 
on crustacea. 

Wall-eyed pike and eels recommended for future planting. 


Pickerel lake, Barton township: 

Length 3 mile, width 4 mile; greatest depth 45 feet. 

Shores high on the east and west side, with sandy beach; balance low 
and muddy. 

Bottom hed clay and marl on east side, balance soft and muddy. 

Inlet, one large stream from Twin lake. 

Outlet, one flowing into Pere Marquette river. 

Dates of examination, Sept. 7 and 8. 

Weather, 7th clear, Sth cloudy. 

Water clear. 

Temperatue, surface 66°; bottom 49°. 

Fish taken, bluegills, suckers, golden shiners, and bullheads. 

The fish were in good condition, large and fat. 

Wall-eyed pike and eels recommenda for future Beane 


Diamond lake, Lincoln foahetip: 
Length 14 mile, width 4 mile; greatest depth 35 feet. 
Shores high with sand beach, ‘except on west side, which is low, soft and 
muddy beach. 
Bottom hard clay except on north end which is soft and muddy. 
No inlet or outlet. 
Dates of examination, Sept. 8 and 9. 
Weather clear, water dark and muddy. 
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Temperature, surface 64°; bottom 59°. 

Fish taken, perch, bluegills and bullheads. 

The perch were large and fat and in good condition, other fish small. 
Eels recommended for future planting. 


Blue lake, Monroe township: 
Length 4 mile, width 4 mile; greatest depth 15 feet. 
Shores high on east side, with sand beach, bottom low and muddy. 
Bottom soft mud. 
No inlet or outlet. 
Date of examination, Sept. 10. 
Weather cloudy and rainy, water dark and muddy. 
No fish taken and no recommendation as to future planting. 


Crooked lake, Beaver and Monroe townships: 
Length 2 miles, width # miles; greatest depth 55 feet. 
Shores high with sand beach nearly all around. 
Bottom sand, marl and mud. 
Inlet, one small stream. 
Outlet, one which flows into Beaver lake. 
Dates of examination, Sept. 10, 11 and 12. 
Weather cloudy, water clear. 
Temperature, surface 66°; bottom 48°. 
Fish taken, pickerel, bluegills, perch, bullheads and large mouth bass. 
The fish were in good condition, fair size and hard, feeding principally 
on crustacea. 
Wall-eyed pike and eels recommended for future planting. 


Blue lake, Troy township: 
Length 4 mile, width 4 mile; greatest depth not given. 
Shores high with sand beach, botton soft and muddy. 
No inlet or outlet. 
Date of examination, Sept. 12. 
Weather cloudy, water dark. 
Temperature, surface 65°; bottom 61°. 
No fish taken and no recommendation as to future planting. 


Bass lake, Beaver and Troy townships: 
Length 1 mile, width 4 mile; greatest depth 75 feet. 
Shores high and wooded, with sand beach. 
Bottom hard clay and sand. 
No inlet or outlet. ~ 
Dates of examination, Sept. 12 and 13. 
Weather cloudy, water clear. 
Temperature, surface 66°; bottom 49°. 
Fish taken, herring, perch and bluegills. 
The fish were large and in good condition. 
Wall-eyed pike and eels recommended for future planting. 
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Park’s lake, Clay Banks township: 
Length 100 rods, width 40 rods; greatest depth 12 feet. 
Shores high with sand beach, except on west end which is low and 
muddy. 
Bottom soft and muddy. 
No inlet or outlet. 
Date of examination, August 18. 
Weather clear, water dark and muddy. 
Temperature, surface 75°; bottom 72°. 
No fish taken and no recommendation as to future planting. 


Crystal lake, Heart township: 
Length # mile, width 100 rods; greatest depth 32 feet. 
Shores hard with sand beach. 
Bottom hard and sandy except on west end, which is sandy. 
No inlet or outlet. 
Date of examination, August I9. 
Weather and water clear. 
Temperature, surface 75°; bottom 58°. 
No fish taken and no recommendation as to future planting. 


AuSable or Silver lake, Golden township: 
Length 14 miles, width 1 mile; greatest depth 21 feet. 
Shores high, with sand beach on north and west side, low and marshy 
on south side. 

Bottom sandy. 

One inlet, and one outlet which empties into lake Michigan. 
-Date of examination, Aug. 22. 

Weather cloudy, water clear. 

Temperature, surface 75°; bottom 73°. 

No fish taken and no recommendation as to future planting. 


Stony lake, Benona township: 

Length 3 miles, width 4 mile; greatest depth 55 feet. 

Shores high, with sand beach. 

Bottom mostly hard sand, muddy on east end. 

Inlets, two from Stony creek. 

Outlet, one which empties into Lake Michigan. 

Dates of examination, Aug. 18, 19, 20, 21, 22 and 23. 

Weather, 18, 19, 20 and 21, clear; 22 and 23, cloudy and rainy. 

Water. clear. 

Temperature, surface 78°; bottom 53°. 

Fish taken, large and small mouth black bass, calico bass, pickerel and 
bluegills. 

The fish were in good condition, large and fat, feeding on larva of flies 
and vegetation. 

Wall-eyed pike recommended for future planting. 


Campbell lake, Leavitt township: 
Length 1 mile, width 4 mile; greatest depth not given. 
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Shores mostly high and wooded, low on north and southwest side, partly 
sand beach. 

Bottom soft and muddy. 

No inlet. 

Outlet, one large stream, Beaver creek, which flows to Pere Marquette 
river. 

Dates of examination, Aug. 29 and 30. 

Weather, 29, clear; 30, cloudy and rainy. Water clear. 

Temperature, surface 72°: ; bottom 51°. 

Fish taken, calico bass, bluegills, sunfish, rock bass and bullheads.” 

The fish were in fair condition, feeding principally on small crustacea. 

EKels recommended for future planting. 


Mud or Cob-moo-sa lake, Leavitt township: 
Length $ mile, width 60 rods; greatest depth 12 feet. 
Shores high, with soft, muddy beach. 
Bottom muddy. 
No inlet or outlet. 
Weather cloudy and rainy, water dark. 
No fish taken and no recommendation as to future planting. 


MclLarens lake, Newfield township: 

Length 14 miles, width, #? mile; greatest depth 80 feet. 

Shores mostly low, some high places, with soft, muddy beach all around. 

Bottom mostly clay and marl, some mud. 

Inlet, four small spring brooks. 

Outlet. one large stream flowing into White river. 

Dates of examination, Aug. 28, 29, 30 and 31, Sept. 1 and 2. 

Weather, Aug. 27, 28 and 29, Sept. 1 and 2, clear; Aug. 30 and 31, 
cloudy, with rain. 

Water clear. 

Temperature, surface 75°; bottom 46°. 

Fish taken, large mouth bass, rock bass, perch, bluegills, sunfish, bull- 
heads and pickerel. 

The fish were of fair size and good, except the perch which were wormy. 

Wall-eyed pike recommended for future planting. 


Gilbert lake, Leavitt township: , 
Length 2 mile, width 4 mile; greatest depth 15 feet. 
Shores high, with sand beach on south side, balance low and marshy 
with muddy beach. 
Bottom soft mud. 
No inlet. 
Outlet, one which flows into Pere Marquette river. 
Date of examination, Sept. 2. 
Weather and water clear. 
No fish taken and no recommendation as to future planting. 


School Section lake, Colfax township: 
Length 4 mile, width 4 mile; greatest depth 25 feet. 
Shores high on north and east sides, low and marshy on west side, with 
sand beach all around. 


“Botton tots and maddy. 
Inlet, none. 


. Date a tS ahion i ie ety Chay oe 
. _ Weather and water clear. — AUN a a or : : 

Temperature, surface 72° ; bottom 65°. 

. oa No fish taken and no recommendation as to. future plantin ng. 
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The writer has been engaged at irregular intervals during the past two 
years in the study of the phenomena connected with the early development 
of the eggs of the wall-eyed pike. The observations on the egg cover the 
time between its extrusion from the body of the female and the appearance | 
of the first segmentation furrow. They have been first made on the living 
egg and have been afterward verified and extended by the study of sections 
and other microscopic preparations of the eggs preserved by various meth- 
ods. Owing to the peculiar interest which attaches to the wall-eyed pike, — 
on account of the difficulty experienced by fish culturists in handling it, 
most of-the observations refer to the egg of that species. In a few 
particulars the observations have been extended to the living eggs of other 
species, the whitefish, the perch, and the sucker. Taken together they 
afford a tolerably complete and, it is hoped, precise picture of what takes 
place in the egg during the time above indicated. 

Most of the observations to be recorded have been made before on other 
species of fish, and some of them previously made on the wall-eyed pike 
have been already recorded in the publications of the State Fish Commis- 
sion. In order to make the picture as complete as possible, and in order 
to give the preliminary knowledge necessary to an understanding of the 
facts now presented for the first time, the facts previously observed are 
here again presented. It will be noticed that these new facts form the 
larger part of the paper and it is believed that it is precisely these that 
are of the greatest interest to the practical fish culturist. 

While this work was undertaken in the interests of practical fish culture, 
it has been carried out in the belief that these interests are in no way to 
be separated from those of pure science. From its birth modern fish cult- 
ure has been associated with science. The history of fish culture con- 
tains the names of men eminent in science in all countries, and their 
published writings make up no inconsiderable part of the lterature on 
fishes. These writings are scattered in the publications of many learned 
societies and other organizations and are in various tongues. A good 
work has been done by the United States Fish Commission in translating 
and publishing some of them, and in stimulating the production of others, 
but in spite of this work it remains true that a great part of this litera- 
ture has never made itself felt among the men who are conducting the 
actual daily operations of fish culture. 
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Many of the facts recorded in this literature, and to be recorded, fixthe — 
conditions under which it is possible to conduct certain operations of fish 
culture, and yet these very facts are frequently wholly unknown to the men — 
who are conducting these operations. Other facts which may seem to be 
at present wholly irrelevant are nevertheless necessary to an understand- 
ing of what is and what is doing in the operations of the fish culturist. ~ 
He should study to understand the nature of his materials and of the 
processes that go on in these materials under the various conditions to 
which he subjects them. He will then be better able to meet new condi- 
tions, and when new difficulties arise, instead of submitting them tothe — 
whims of the fickle Goddess of Cut and Try, he will be able to attempt 
their solution by legitimate deduction from observed facts. 

It is forthe purpose of disseminating a knowledge of some of the facts of 
interest to the fish culturist, that the following account was written. It | 
aims to make clear to the understanding, in so far as our present knowl-. 
edge permits, precisely what takes place ‘in the egg of a bony fish between . 
the time when it is expelled from the body of the mother and the time 
when the first segmentation furrow appears. It aims to do this first, in 
the conviction that the understanding of the matter is in itself practical, 
and having done this, it points out the more obvious particulars in which 
the art may be advanced by this understanding of the science. The paper 
necessarily takes into account not only certain portions of the life of the 
_ egg, but also the corresponding periods in the life history of the spermato- 
zoon, t. e., its history from the time it is extruded from the body of the fish 
until the first segmentation furrow is formed on the egg. Whenever the 
observations of the writer have been incomplete they have been freely ~ 
supplemented from the work of others and acknowledgment has been 
made of such indebtedness. On those points on which the observations | 
herein recorded appear to be new or at variance with previous observations 
their exposition has been followed by a historical and a critical review of 
the literature bearing on the points in question. : 

In order to make some parts of the paper more intelligible to persons 
not familiar with the details of modern biology, it is preceded by an intro- 
ductory section dealing with the cell structure of animals and more 
particularly with the details of structure in the individual cell and with 
the process of cell division. 


PART I. 


THE ANIMAL CELL AND CELL DIVISION, 


It is well known that all animals are composed of minute units called 


cells. These cells are the elements of structure of which the animal is ~~ 


built up and bear the same relation to its body that the bricks or stones 
in a building bear to the building. The cells are usually microscopic in 
size and are by no meansall alike. Just as the bricks or other materials 
used in the construction of a building must be adapted to the work that 
they have to, and must therefore differ from one another, so the cells 
composing the animal body are adapted to the work to be done, and differ 
from one another in accordance with the adaptation. Just as in the con- 
struction of a building we may have slates for the roof, bricks for the 
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walls and tiles for the floor, so in the construction of the animal body we 
have bone cells which have to do with the formation of the bony frame- 
work of the body, muscle cells which move that framework and nerve cells 
which initiate and control the movements of the muscle cells. 

The materials used in the construction of a building may be totally 
_ different from one another, as clay in the brick of the foundations and 
wood in the walls of the superstructure. The substance composing the 
cells or units used in the construction of animal bodies is on the other 
hand nearly the same for all sorts of cells. This substance is called pro- 
toplasm. It is the protoplasm of a bone cell that forms about itself the 
hard lime-salt of which the bone is composed. It is the protoplasm of 
the muscle cell that contracts. It is the protoplasm of the nerve cell that 
starts or modifies the impulse that causes that contraction. Everywhere 
the material composing the cells of the animal body is protoplasm. That 
the protoplasm of a muscle cell must be different in some way from 
the protoplasm of a nerve cell is clear from the different work that it does 
and yet, just what the difference, is by no means clear. 

The protoplasm composing an animal cell appears under the microscope 
as a semi-solid material, having very nearly the physical properties of 
the white of an egg. It thus changes form readily unless inclosed within 
a special envelope or cell wall. It is transparent. It is denser than water, 
so that when a mass of it is examined in water, it refracts the hght more 
than the surrounding water and thus appears brighter. It commonly does 
not appear entirely uniform in structure but rather appears to be com- 
posed of a clear material in which are seen numerous very fine granules. 

Protoplasm probably always occurs in the form of a cell and a cell isa 
very complicated mass of protoplasm. ‘The shape of the cell depends on 
the work that it has to do, but we may take for purposes of illustration the 
spherical form, which is that common to most egg cells. If we examine 
such a spherical cell (Fig. 1) under the microscope we find it composed of 
a central denser portion, which is usually also spherical and which is 
called the nucleus (nu.). Its substance we may call nucleoplasm. We may 
suppose the diameter of the nucleus, as often happens, to be about one- 
third that of the cell. The protoplasm which surrounds the nucleus and 
makes up the body of the cell is called the cytoplasm (cyt.). Outside 
the cytoplasm is the cell wall or cell membrane (m.cl.) which incloses 
the cytoplasm asin asac. The cell wall is not always present and is not 
regarded as an essential part of the cell. It may be looked upon as some- 
thing outside the cell, formed by the cytoplasm as a protection to itself. 
As it occurs in probably all egg cells it is of importance in the present 
discussion, but it is not necessary to enter into an account of its structure. 
The structure of the cell protoplasm and of the nucleus is, however, a mat- 
ter of the greatest importance for our purposes. 

When a cell has been stained with solutions of such coloring matters as 
carmine or logwood, it is found that the nucleus does not stain uniformly. 
If such a nucleus be examined with a high power of the microscope, there 
are found running through it many threads which have become of a very 
deep purple or red color, according to the stain used. (Fig. 1 and Fig. 2, 
erm.) The threads are sharply ‘marked off from the remainder of the 
of the nuclear matter by their deep color. Some of them are coarse and 
easily seen, while others are so fine that it requires great care to detect 
them. (Fig.1.) They appear to be united with one another in such a 
way as to form a network, but it is possible that the threads do not actually 
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unite with one another, but that the finer ones cross one another or lie over 
one another in such a way as to give rise to the appearance of a network. 
The threads are called on account of the readiness with which they become 
colored chromatin threads, and the material of which they are largely 


composed is called chromatin. It must, be remembered that a nucleus is a 


solid body, more or less spherical in form, and usually with a slight depres- 
sion on one side. It may have thus the form of an apple, the depression 
in the side being represented by the depression in the apple at the bottom 
of which the stem is attached. When drawn on paper the nucleus is rep- 
resented as a circle and the chromatin threads appear to occupy the whole 
area of the circle. (Fig. 1.) In reality the threads lie for the most part 
upon the surface of the nucleus and only a few of them extend into its 
interior. 

That part of the substance of the nucleus which does not become stained 
is known as achromatin. It occupies the greater part of the center of the 
nucleus and lies everywhere between the chromatin threads both on the 


inside and at the surface. The achromatin itself is not structureless. It 


consists of fine colorless threads suspended in a colorless fluid, and in it 
are commonly to be seen one or more small spherical bodies which stain 
differently from the chromatin and are called nucleoli. In what follows IL 
shall speak of the achromatin as though it were structureless, and I shall 


make no mention of the nucleoli, for the reason that our knowledge of 


both is very imperfect. 
Covering the outer surface of the nucleus is a membrane, the nuclear 


membrane. (Fig. 1. m. nu.) It bears about the same relation to the 


nucleus that the skin of an apple bears toits contents. Its structure is not 
thoroughly understood. 

One may represent the structure of the whole nucleus as here described 
by means of an apple. The white flesh of the apple may represent the 


achromatin and’one may suppose that the core is absent and that the 
white flesh extends through the center of the apple. One may then think 


of the chromatin as represented by numerous branching threads lying 
beneath the skin of the apple and running for the most part over the sur- 
face, but sending processes here and there into the interior. 

The nucleus lies within the cytoplasm so that it is surrounded by it on 
all sides. The cytoplasm (Fig. 1, cyt.), whether seen in a living cell or in 
a cell that has been stained and prepared for the microscope, appears com- 
posed of two substances, one liquid and the other more solid. The more 
solid portion of the cytoplasm appears to exist in the form of very fine 
threads, which appear to unite with one another so as to form a network. 
The threads, which will be spoken of as cytoplasm threads, run in all 
directions and unite with one another to form a network which is thus not 
unlike that formed by the strands of a fine sponge. One may form a very 
good notion of the structure of the cytoplasm by examining with a mag- 
nifying glass a small piece of ordinary bath sponge. In comparing the 
cytoplasm with a sponge it is necessary to think of the large passages in 
the sponge as filled with sponge material since these passages do not 
ordinarily exist in cytoplasm. It is neces:ary also to remember that the 
cytoplasm threads mast be magnified probably a thousand times to appear 
as large as the sponge threads appear to the unaided eye. The liquid 
portion of cytoplasm is contained within the meshes formed by the cyto- 
plasm threads very much as the water may be contained in the sponge 
meshes. It usually appears under the microscope as a homogenous, trans- 
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parent and colorless fluid or semi-fluid, but may contain small granules of 
various sorts. On account of its transparency it has been called hyalo- 
plasm, but ts also known under.a variety of other names. 

Surrounding the cytoplasm there is a membrane (Fig. 1, m. cl.) which 
incloses it as a sac. The membrane is not present in all cells and its 
character differs in cells of different sorts, so that its minute structure is 
not important in this connection. : 

In the cytoplasm there is a body probably of great importance in the 
economy of the cell, but the nature and behavior of which have been 
but recently made out. This is a very small spherical body which usually 
does not stain and which lies close against one side of the nucleus on the 
outside of the nuclear membrane. It is called the centrosome (Fig. 1, 
en.). It frequently lies in a depression of the nucleus and if we compare 
the nucleus with an apple it may be thought of as lying in the depression 
of the apple which receives the stem. The cytoplasm threads appear to 
radiate from the centrosome. This is the case in cells that are about to 
divide, so that the appearance is then precisely as if each cytoplasm thread 
started from the centrosome and passed thence in a radial direction into 
the cytoplasm to be connected to neighboring threads by crossing strands. 

Considering the cell as a whole we have then the following parts 
(Fig. 1). At or near the center is the nuclews, which has the form of an 
apple and is composed of two sorts of material, one more solid and readily 
stained is the chromatin and exists in the form of fine branching threads 
which run for the most part over the surface of the nucleus; the other more 
fluid is the achromatin which lies between the threads of chromatin and 
usually makes up the great bulk of the nucleus. The whole nucleus is 
inclosed within a nuclear membrane, which separates it from the 
cytoplasm. 

Surrounding the nucleus is the cytoplasm, composed in its turn of a 
solid material in the form of a network of threads the cytoplasm threads 
and of a more fluid material the hyaloplasm which fills the spaces between 
these threads. The cytoplasm is thus like a sponge filled with water, 
In the cytoplasm and lying usually against a depression on one side of the 
nucleus is the centrosome from which the cytoplasm threads appear to radi- 
ate. The cytoplasm finally is inclosed within a membrane, the cell 
menbrane. 

The whole structure may be represented diagrammatically as follows: 


\ achromatin. 

( Nucleus composed of { chromatin threads. 
| nuclear membrane. 
| 

The cell composed of < 


} 


( cytoplasm threads. 
| hyaloplasm. 
\ Cytoplasm composed of 4 centosome. 
| and sometimes inclosed 
| in a cell membrane. 


The entire cell is commonly of microscopic size; egg cells only are an 
exception to this rule among animals. , 

The nucleus is a governing center for many of the activities of the 
cell, controlling the cytoplasm in most of its functions. Thus the nucleus 
determines the form taken by the cytoplasm; it governs the movements of 
the cytoplasm; it governs the formation by the cytoplasm of the cell wall 
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and its character; it governs the digestive powers of the cytoplasm, for 
only under the influence of the nucleus is the cytoplasm capable of secret-— 

ing digestive fluids. These relations between the nucleus and the cytoplasm 
have been determined by experiment, largely on unicellular animals. By 
cutting these animals in two in such a way that one part should contain 
the nucleus and the other be without a nucleus, and by then watching the — 
behavior of that portion of cytoplasm that was without a nucleus, it has 
been possible to make out the relations existing between, the nucleus and 
the cytoplasm. 

It has been found that neither the nucleus nor the cytoplasm can exist 
alone. The cytoplasm nourishes the nucleus, furnishes it with food, so 
that any injury to the cytoplasm may result in the death of the nucleus 
through lack of nutrition. A portion of cytoplasm separated from its 
nucleus thus dies, and a nucleus separated from its cytoplasm dies also. 
It is only when the two are united to form a cell that continued existence 
is possible.. In speaking thus of the function of the nucleus it is meant 
to include with the nucleus the centrosome, since it has not been found 
possible to separate it from the nucleus experimentally and since, in the 
forms usually experimented upon, the existence of the centrosome was 
not determined or taken into account. 

Cells multiply by dividing, so that when a cell has grown to a cer- 
tain size it divides into two, the cytoplasm falling into two parts, 
each containing half of the centrosome and half of the nucleus. It 
seems probable that that portion of the cell nucleus which gov- 
erns the cell and determines its character is the chromatin. If this is 
true it follows that the chromatin is not alike in all cells, that in a muscle 
cell differing in some subtle way from that in a nerve cell. It is probable 
moreover that the threads of chromatin occurring in any one cell are not 
identical, but that possibly each differs in some particular from all the 
others and each has its peculiar part of the work to do. 

Thus when a cell divides it becomes of importance that each of the 
two new cells thus formed should receive an exact half of each of the 
chromatin threads. At any rate we find in the division of a cell that a 
very complicated series of changes is gone through with and the purpose 
of these changes seems to be that each of the two daughter cells formed 
shall contain exactly one-half of each of the threads of chromatin con- 
tained in the mother cell. | 

The changes which occur in the nucleus of a cell when it is dividing 
have been included together under the term karyokinesis. A knowledge 
of this process is necessary to an understanding of the phenomena which - 
take place in the egg of a bony fish during the period under discussion. 

The first change that takes place in a cell about to divide is probably 
the division of the centrosome. At any rate in a cell preparing for divi- 
sion the centrosome is found to be double (Fig. 2.), although it is possible 
that the division into two may have taken place a good while before the 
time when the cell divides. The division of the centrosome is brought 
about by itslengthening into a rod-like body, by the subsequent constriction 
of this rod so that it becomes dumb-bell shaped, and by the final disappear- 
ance of that portion which corresponds to the handle of the dumb-bell. 
There are thus formed two centrosomes from the original single one. 
These centrosomes lie at first near one another and it is seen that the 
cytoplasm threads* now radiate from both centrosomes so that there are 


- * In speaking of the fibres or rays about the centrosomes as cytoplasm threads the writer does 
not mean to express any opinion as to whether they are or are not identical with the cytoplasm threads of 
the resting cell. 
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produced in the cytoplasm two star-like or sun-like figures (asters), each 
formed by radiating cytoplasm threads and each with a centrosome. 

The cytoplasm threads radiating from each centrosome pass out in 
every direction, and if they were all cut off at the same distance from the 
centrosome their cut ends would thus form the surface of a sphere. 
Among the threads there are some which are thicker and and perhaps 
otherwise different from the remainder. These peculiar threads are 
grouped together in such a way as to form a cone (Fig. 2, con.). This 
cone is a part of the sphere formed about each centrosome by the cyto- 
plasm threads. The apex of the cone is at the centrosome, and its base 
hes in the surface of the sphere and is directed toward the nucleus. 
There are thus two of these cones of cytoplasm threads, one belonging to 
-each centrosome, and the axes of the two form with one another an angle, 
the apex of which is directed toward the nucleus. 

At the same time that the centrosomes are dividing and the cones of 
cytoplasm threads are forming, the chromatin threads in the nucleus are 
undergoing changes. In the resting nucleus one does not readily recog- 
nize any regularity in the arrangement of these threads; one sees merely 
that they form an irregular network of coarser and finer threads lying 
near the surface of the nucleus (Fig. 1). Assoon as the process of cell 
division sets in, the finer chromatin threads disappear. They seem to be 
‘drawn into the coarser threads. The result is that one sees only the 
coarser threads running in wavy lines over the nucleus. At the same 
time it becomes evident that these coarser threads have a regular arrange- 
ment, that they exist in a definite number (Fig. 2 and Fig. 8). The num- 
ber is different in different cells, ranging from two to thirty-six or more. 
Each thread has the form of a loop, the closed end of which lies near the 
‘depression where the centrosomes are, while its two limbs pass thence in a 
wavy course near the surface of the nucleus, to end freely on the side 
opposite the centrosomes. 

A single chromatin thread (Fig. 2, crm.) may be represented in this 
stage by drawing a line upon the surface of an apple. The line should 
start near a point on the side opposite the stem. It should pass thence in 
a wavy course toa point near the stem; there it should turn and pass 
again in a wavy course to end near its starting point. Eight or sixteen 
such loops drawn on the surface of an apple give a tolerably accurate 
notion of the arrangement of the chromatin loop in this stage, with this 
exception, that there are usually one or two chromatin loops that do not 
lie on the surface of the nucleus but in the center. The heads or closed 
end of the deeper loops are, however, directed toward the centrosome, 
while their free ends lie on the side of the nucleus opposite the centrosome. 

The arrangement of the chromatin threads that is now evident probably 
exists in the resting nucleus, but is there obscured by the numerous finer 
threads which pass out from the coarser ones. Upon the withdrawal of the 
finer threads into the coarser ones the arrangement becomes at once evi- 
dent. Jf one examines the figure of the resting nucleus (Fig. 1.), it is not 
difficult to trace some of the coarser chromatin threads in the form of loops — 
and one can readily see that if these threads were still further thickened by 
the withdrawal into them of the finer threads there would result the 
arrangement shown in Fig. 2. Itis probable also that a definite number 
of chromatin threads exists in the resting nucleus, but that this fact is 
obscured by the finer threads and only becomes apparent upon their 
withdrawal. 
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Another fact which comes out clearly in this stage, is that each chromatin — 
thread is made up of a large number of chromatin particles which are 
atteched to one another to make the chromatin thread. These particles. 
have usually the form of discs, and are held together by their flat sides by 
a colorless material, so that their relation to one another is like that of the 
coins in a pile or the beads in a string. These ultimate particles of chro- 
matin are called microsomes (Fig. 2.), while the loops which they compose 
are called chromosomes. . 

In the next stage* the two centrosomes separate from another and travel 
toward opposite sides of the nucleus, so that one of them (Fig. 3, b.) 
becomes to lie on one side of the nucleus, while the other (Fig, 3, a.) lies 
on the opposite side of the nucleus. After this change of position is. 
effected a line connecting the two centrosomes forms nearly a right angle 
with a line drawn between them before the change in position is effected. 
(Compare Figs.2and3.) The two cones of cytoplasm threads have become 
meantime larger and the individual threads more prominent. Owing to- 
the change in position of the centrosomes the axes of the two cones no 
longer form an angle with one another but lie nearly in a straight line. 
The result is that the bases of the two cones are brought nearly together 
and the two cones form the two halves of a spindle (Fig. 3, sp.) which 
becomes more perfect in the succeeding stages. 

While the centrosomes are separating from one another and the cones of | 
cytoplasm threads are shifting position, changes are taking place in the 
chromatin loops. They become much shorter and thicker (Fig. 3.) and at. 
the same time lose their wavy outline. Each loop becomes thus U shaped. 
At the same time each becomes split lengthwise into two loops which le 
side by side (Fig. 3,' and ’.) If the loops first present are spoken of as. 
mother loops the two loops into which each splits may be called daughter 
loops. The two daughter loops derived from each mother loop lie close 
against one another and parallel to one another so that it requires a careful 
examination to see that the splitting has taken place. Hach daughter loop is. 
made up of a row of microsomes (not represented in the figures) as was the 
mother loop from which it came and it seems likely that in the splitting 
each microsome of the mother loop has been divided into two, one for 
each daughter loop. 

Another change noticed in this stage is the disappearance of the nuclear: 
membrane. Its position is represented in the figure by a dotted line. It 
becomes gradually less distinct and finally disappears, but it is not cer- 
tainly known what becomes of it. The nuclear material is thus brought 
into direct contact with the cytoplasm so that it is possible for a mixture 
of the two to take place, although it is not known that such mixture does. 
actually take place. 

At about the time that the nuclear membrane disappears the threads. 
composing the two cones are seen to be attached to the chromatin loops. 
(Fig. 3.) From each daughter loop a considerable number of these 
threads, as many as sixteen or twenty, passes to one of the centrosomes. 
From the other daughter loop of the same pair threads pass to the opposite: 
centrosome. Thus of the two loops composing each pair one is attached 
by the cytoplasm threads of one cone to one of the centrosomes and the- 
other by the cytoplasm threads of the other cone to the opposite: 
centrosome. 


* In this and sume of the following figures the microsomes are not represented and only fu: 
ehromosomes are represented. This is in order to make the Agures less complicated. 
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, In the next stage (Fig. 4.) there occurs a contraction and consequent 
shortening of the fibres composing the two cones. The result of this 
shortening must be to pull upon the loops and since one of the daughter 
loops composing each pair is attached to one centrosome while the other 
loop of the same pair is attached to the opposite gentrosome, the tendency 
is to pull apart the daughter loops composing eaeh mother loop and to 
bring one of them toward centrosome a. and the other toward centrosome 
-b. The chromatin would thus be divided into two equal portions. 

But for some reason not well understood the daughter loops do not at 
first separate from one another. They are still held together in pairs, 
probably by some part of the achromatin of the nucleus. It is only ina 
later stage that this material uniting the daughter loops gives away, so that 
the force exerted by the contraction of the threads of the two cones is able 
to separate the daughter loops from one another. Since the contraction 
of these cone fibers is not at first able to pull apart the pairs of daughter 
loops, one of three things must happen. If the pull exerted by the shortening 
of the fibers passing to one centrosome, the centrosome a, for instance, 
(Fig. 3) is stronger than that exerted by the fibers passing to the opposite 
centrosome, b, the pairs of loops will be all drawn toward centrosome a. 
If the pull exerted by the fibers attached to centrosome b is stronger the 
loops will all be drawn toward b. On the other hand if the pull exerted 
from 6 is exactly equal to that exerted from a the loops will all be brought 
to a position half way between a and 6 and into a plane at right angles to 
the line connecting a and b. This is what happens. The heads or closed 
end of the loops are at the same time brought close together while the free 
ends extend in the one plane in all directions from the point about which 
therheads are grouped (Fig. 4). 

The result of this contraction is, further, that the bases of: the two 
cones of fibers become plane and are brought accurately together, 
and since the cones are exactly alike, they form together a spindle, 
the achromatic spindle (Fig. 4, sp.). The plane which is formed 
by the contact of the bases of the two cones is called the equatorial plane 
and in it lie the chromatin loops, while the spindle fibers extend 
in opposite directions to meet on each side in the centrosomes and thus 
form the spindle. In addition to those spindle threads that run from the 
chromatin loops to the centrosomes and form the greater part of the 
spindle, there are some spindle threads, as shown in Figs. 4 and _ 5, that run 
directly from one centrosome to the other along the middle of the spindle 
and form thus what is known as the central spindle (Hermann). The 
division of each chromatin loop into the two daughter loops is still evident 
(Fig. 4). An-.examination of each pair of daughter loops shows that 
one of its two constituents is attached exclusively to one of the centro- 
somes and that the opposite constituent is attached exclusively to the 
opposite centrosome. All the daughter loops attached to centrosome a lie 
consequently on that side of the equatorial plane which is turned toward 
centrosome a, while all the daughter loops attached to centsosome b lie on 
that side of the equatorial plane turned toward centrosome b. Conse- 
quently a section made through tue equatorial plane would divide each 
chromatin loop into two equal daughter loops and the whole mass of 
chromatin into exactly equal halves. 

In the stage which is now reached the chromatin loops have their heads 
together and their free ends radiate in the equatorial plane in all directions 
from the center of the spindle. When the chromatin loops are looked at 
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from the end of the spindle, 2. e., along the line joining the two centros 
somes, the figure formed by them is that of a star (Fig. 4a), in the 
middle of which one of the poles of the spindle may be seen. From this. 
arrangement of the chromatin loops the stage is called the mother star 
stage, while the preceding stages, during which the arrangement of the 
chromatin loops has been less regular, is ; known as the mother skein stage. 

As soon as the chromatin loops are brought into the form of a mother — 
star, the bond or force, whatever its nature, which has previously united 
the daughter loops into pairs, is overcome by the pull of the spindle fibres. 
The result is that the two daughter loops are pulled apart. One is drawn 
toward one centrosome (as a) and the other toward the opposite centro- 
some (as 6). Since the strongest pull is exerted where the spindle fibres 
from a act in direct opposition. to those from 6, and since this is at the 
heads of the chromatin loops, the separation of the daughter loops occurs. 
first at their heads (Fig. 5.). The head of one daughter loop of each pair 
is thus seen to be drawn toward a, while the head of the opposite loop is 
drawn toward 6, and at the same time the free ends of the loops remain 
united to one another in the original pairs. 

As the spindle fibres continue to shorten the heads of the loops are 
drawn further and further apart until the loops (Fig. 5, 1 and 1’ and 2 and 
2') are united to one another only by their free ends. 

From the time when the heads of the loops begin to separate until the 
loops are entirely separated the stage is called that of metakinesis ( Fig. 5).. 

The continued action of the spindle fibres finally pulls apart the free 
ends of the daughter loops, so that each loop is separated into its two con- 
stituent daughter loops. 

When this is accomplished the stage of metakinesis is at an end. 

When the daughter loops are separated from one another (Fig. 6.) they 
are brought toward the centrosomes by the continued action of the spindle: 
fibres, so that very soon half of the entire number of daughter loops is. 
grouped about one centrosome while the other half is grouped about the 
opposite centrosome. The heads of the loops lie next the centrosome. 
ve their free ends pass out from it and extend toward the equatorial 
plane 

When one looks at the mass of chromatin loops along the axis of the 
spindle (the line connecting the centrosomes) the loops still form the 
figure of a star, at the center of which is seen a centrosome with spindle 
fibres about it. In this case the rays of the star are daughter loops and 
not, as in the preceding stage, mother loops. This stage is called con- 
sequently the daughter star stage (Fig. 6). It lasts from the time the 
daughter loops separate from one another until they have taken up their 
position about the centrosomes. 

As soon as the daughter loops have taken up this position shee begin to 
elongate and at the same time each becomes sinuous in outline (Fig. 7.) — 
and sends out numerous finer chromatin threads (Fig. 8. lower cell). In. 
other words a process is gone through which is the reverse of that gone 
through by the mother nucleus in passing from the resting stage to the 
mother skein stage. This process leads first to a dau ghier skein stage and 
then to a daughter resting nucleus. 

While the loops are thus sending out the secondary finer chromatin 
threads, they become continually longer and more sinuous in outline 
(Fig. 8) and become so curved that they form the surface of a sphere.- 
On one side of this sphere lies the centrosome (cn.), and as long as the 
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loops are visible as such it may be seen that they are grouped with their 
heads about the centrosome, and their free ends upon the side of the 
sphere opposite the centrosome. Their arrangement with reference to the 
centrosome is thus precisely the same as the arrangement of the mother 
loops with reference to the centrosome in the original nucleus, (compare 
Figs. 1 and 2, and Fig. 8). At the same time the nucleur membrane 
(Fig. 8. m. nu.) reappears, but it is first seen on the side of the nucleus 
opposite the centrosome and gradually extends until it surrounds the 
whole nucleus. Thesmaller chromatin threads now become more numer- 
ous and their branching more pronounced until finally the loops are no 
longer distinguishable and the chromatin of the nucleus appears to form 
only an irregular network. When this has taken place the cell contains 
two daughter nuclei, each containing one-half of each of the chromatin 
loops of the mother nuclues and each precisely like the resting mother 
nucleus but smaller. 

While these daughter nuclei are going through the final changes which 
bring them into the resting condition, the cytoplasm divides into two por- 
' tions. - This takes place by the formation of a constriction about the cell 
body in the equatorial plane (Fig. 7). The constriction makes the cell 
dumb-bell shaped and each of the ends of the dumb-bell contains one of 
the daughter nuclei. Finally that portion of the cell which corresponds 
- to the handle of the dumb-bell divides and there are two cells. The final 
division of the handle of the dumb-bell or connecting strand may take 
place by a deepening of the original constriction, or it may be due to the 
formation of a transverse double partition wall (Figs. 7 and 8, pri.), 
which is continuous with the cell wall on either side of it. The two layers 
of this partition wall then separate and each forms a part of the cell wall 
of the cell of its side. 

The result of the whole process of nuclear division and of cell division 
is that each of the daughter cells is precisely like the mother cell from 
which it came. Each contains not only the same materials but also an 
exact half of each. Each daughter cell contains its part of the original 
centrosome, of the cytoplasm and its exact half of the chromatin. The 
meaning of this will become clearer as we proceed. 


PART II. 
THE EGG CELL. 
A.—THE FRESHLY EXTRUDED EGG OF THE WALL-EYED PIKE. 


When pressed from the body of the fish by the usual process of strip- 
ping, the eggs of the wall-eyed pike come away along with a small quantity 
of a colorless somewhat viscid fluid. If a mass of the eygs is allowed to: 
stand in a cylindrical vessel this fluid appears in small quantity at the top 
and it may then be drawn off from the eggs with a pipette or decanted. 
The corresponding tiuid of the Rhine salmon has been studied by Miescher 
and found to be albuminous. Hensen (’83) has found that in the cod it. 
makes up 20% of the spawn, contains albumin and is strongly alkaline. 

In the wall-eyed pike the fluid is no more adhesive than a very dilute 
egg-albumin. Thus if one places a drop of this fluid between two pieces of 
glass, wood or cloth and presses the pieces together, they do not become 
glued to one another. If the pieces are then placed in water they do not 
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adhere to one another. This shows that the fluid bathing the eggs does — 
not set or become adhesive by the action of water. It is strongly 
alkaline and mixes readily with water without giving any precipitate. 
The quantity of the fluid is variable. When the eggs pass from the fish 
under very gentle pressure, it is considerable but has not been quantitatively 
determined. Such eggs are readily fertilized and are considered to be 
fully ripe. When the eggs are obtained from the fish only by the use of 
considerable pressure, the amount of fluid is less and such eges commonly 
ie a. smaller percentage of fertilization and are regarded as not rae 


aes (82) has suggested that this fluid, which occurs generally in 
Teleosts, serves in the cod as a lubricant during the passage of the eggs. 
from the body. ‘This is doubtless true. That it serves also another pur- 
pose will appear under the head of fertilization. Ryder adds:—‘In other » 
cases itserves to glue the eggs together in masses or bands or to cause 
them to adhere firmly to fixed objects in the water.” The substance which 
causes the adhesion of the egg of the wall-eyed pike, to be mentioned 
presently, is not the fluid now under discussion. It has been‘shown that 
this fluid possesses no peculiar adhesive properties, either by itself or 
under the action of water. The true adhesive substance of the egg of the 
wall-eyed pike lies beneath the fluid which bathes the eggs and forms the 
outer egg membrane. | 

The eggs of the wall-eyed pike are yellowish or reddish in color. The 
color varies from fish to fish, but all the eggs of the same fish are of the 
same color and the color is located principally in the oil drop. 

The eggs vary considerably in size in different individuals, but those of 
the same fish are nearly of asize. Thisis more noticeable after the eggs 
have become distended by lying for some time in water. The limits of the 
variation in size have not been determined, but the average size is one- 
nineteenth of an inch. 

The eggs are soft to the touch like little balls of putty. They are nearly 
spherical in form, but are indented and flattened by mutual pressure so as. 
to be somewhat polyhedral, like so many putty balls closely packed 
together. | 

When the egg is examined under a low power of the microscope in the 
“fluid which covers it naturally, a number of parts may readily be distin- 
guished in it (Figs. 9 and 10). These will first be enumerated and then 
described in more detail. 

Making up the greater part of the bulk of the egg in its present condi- 
tion and lying at its center is the yolk (yk.). It is spherical and transpar- 
ent. On the upper side of the yolk (the side turned toward the observer) 
is a deep excavation which has the form of somewhat more than half a 
#phere and lodges a spherical, homogeneous oil drop (o. d.). The outer 
surface of the oil drop projects somewhat from the excavation beyond the 
level of the surface of the yolk, forming thus a sort of low, rounded eleva- 
tion or boss. Close against the surface of the yolk isa layer of proto- 

lasm which appears granular under the m:croscope in the living egg 
(Fig. 9, cr.). It may be called the cortical layer of the egg. It invests 
the exposed portion of the surface of the oil drop as well as the yolk, and 
n one side of the yolk it is slightly and irregularly thickened. The 
thickened portion (g. d.) is known as the germinal disc and becomes much 
tore pronounced in later stages. Still outside the cortical layer and close 
against it is the egg shell (z. r.), in which may be seen fine radiating lines 
running from its inner surface to near its outer surface. 


—— 
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We may now examine each part of the egg in more detail. 

1. The cortical layer is the protoplasm or living portion of the egg 
and corresponds to the cell protoplasm of other cells. It alone is seen in 
later stages to be capable of movement and from it alone the young fish 
is formed. The other portions of the egg serve the cortical layer, the 
yolk as food material, the egg shell for protection. In the fresh, living egg 
the cortical layer has the appearance of a clear material like the white of 
an egg in which are imbedded numerous fine granules, which are denser 
than the medium in which they le and appear consequently either darker 
or lighter according as one changes the focus of the instrument. Besides 
these apparent granules the cortical layer contains a large number of 
spherical bodies (Figs. 9 and 10, c. dr.). These bodies appear either dark 
or light according to the focus, and are slightly pink in color. Since they 
are less dense than the surrounding protoplasm I have called them corti- 
cal drops. ‘They are entirly homogeneous and free from granules and are 
so closely set over the surface of the yolk that they commonly appear to 
be in contact with one another (Fig. 10) and the surface of the yolk is 
exposed only here and there in the intervals between them. The cortical 
drops vary in diameter from .012 to .040 mm., but by far the larger num- 
ber measure between .025 and .036 mm. 

The structure of the cortical layer may be bene out in more defail in 
eggs that have been preserved either in Hoffmann’s fluid or Perenyi’s 
fluid. If eggs are stripped from the female into either of these fluids, 
without coming into contact with water, and are afterward preserved in alco- 
hol, it is found that the whole cortical layer may be readily removed from 
the yolk. After pulling away the egg shell with needles one may remove 
the cortical layer over about one-third the surface of the yolk, preferably 
in the region of the oil drop, and by manipulating with needles one may 
then succeed in shelling the yolk out of the cortical layer. The cortical 
layer may then be prepared for study with high powers of the microscope. 

When it is examined with an ordinary lens it appears as a thin walled 
sphere. Its walls are of nearly uniform thickness, but on one side there 
is seen an irregular accumulation of its substance to form the germinal 
disc. The germinal disc may be triangular, square or nearly circular, and 
has a diameter equal sometimes to only about one-eighth the circumfer- 
ence of the sphere of cortical substance, but extending sometimes in 
certain directions over one-half of its circumference. The disc is thickest 
in the middle, but towards its edges becomes gradually thinner and, so 
passes insensibly into the remaining portion of the cortical layer. From 
its borders there pass out strands or streamers which extend into the 
cortical sphere as the meridian circleson a globeextend from the pole. These 
streamers are due to thickenings of: the cortical layer, radiating extensions 
of the germinal disc. They become gradually thinner and less distinct as 
they extend toward the equator of the sphere and disappear entirely just 
before reaching it. Sometimes the germinal disc is represented by two 
thickened patches of the cortical protoplasm, and in such cases the two 
are united by a thickened strand of cortex and from each of them pass out 
radiating bands. 

If a thin piece of the cortic@l layer be stained and examined under a 
high power of the microscope, it is easy to make out its structure. It con- 


sists of two substances, a denser material in the form of fine threads, 


cytoplasm threads, which unite to form a sponge work, and a less dense 
material which fills the meshes of the sponge-work. "The sponge-work 
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formed by the noewOre of cytoplasm threads is Bobbi nowhere seen 
with greater clearness than in the cortical layer of. the eggs of ese fishes. 
In the same preparation may be seen the cortical drops (Fig. 22, ¢. dr.). 


They appear spherical, but most of them have shrunken siehtee under 


the action of the reagents used, so that they no longer quite fill the spheri- 


cal cavities in which they are lodged. The reagent used has caused a. 


change in the physical properties of the drops. They no longer appear 
fluid but are solid. They are no longer transparent and homogeneous but. 
each is made up of a large number of very minute spherules (Fig. 22) 
and is consequently opaque. ‘ 
The chemical nature of these drops is a matter of interest, and 


in order to determine it approximately pieces of the cortex were 
subjected to the Berlin blue test as follows:—They were first laid 
in a solution made by dissolving one gram of potassium ferro cyan- 


ide in 20 cc. of water, and adding to this 10 ce. of glacial acetic acid. 
After remaining an hour in this solution the pieces are washed in repeated 


changes of 60% alcohol. The alcohol which is removed from the pieces. 


after the third washing is tested by dropping into it a few drops of al% 
solution of ferric.chloride. -If any of the potassium ferro cyanide remains 


in the alcohol there will result a precipitate of Berlin blue. If a blue 


color is found, the washing of the pieces is continued and the alcohol used 
in washing is tested until itno longer gives a precipitate with the ferric 
chloride. The pieces of cortical layer are then transferred from the 


alcohol to a 1% solution of ferric chloride. It is a peculiarity of albumen, 


after it has been acted on by certain acids, as chromic acid, that after ~ 


being soaked in potassium ferro cyanide it retains some of the ferro 
cyanide even although thoroughly washed with alcohol. Other sub- 


stances give up the ferro cyanide to the alcohol used in washing them. 


The result is that when any piece of tissue treated as above, and contain- 
ing an albumen along with other chemical bodies, is transferred to ferric 
chloride, there is produced in the albumen an intense blue color, due to 
the formation of Berlin blue, while the other substances in the tissue 
remain uncolored. It is thus possible by this test to distinguish | albume.i 


- from other constituents of the tissue examined. 


When the pieces of cortical layer. are transferred to the ferric chlo- 
ride it is found that the cortical drops become of a bright blue color and 
are thus shown to be albuminous. Tests which attempt to determine the 
precise chemical nature of small quantities of organic substances examined 
under the microscope are not always reliable and this is particularly true 


of the albumens. The fact that the cortical drops yield the blue color to 


the above test is thus not final evidence of their albuminous nature, but is 
sufficient for the present purpose. The only really satisfactory method of 
determining finally the chemical nature of the cortical drops is to collect 
them in sufficient quantity to be able to subject them to an accurate 
quantitative analysis. As it seems possible to do this I have not attempted 
to decide the question by less perfect methods and have not had the 
opportunity to decide it by chemical analysis. 

If one examines more carefully a preparation made as bors by the 
Berlin blue test, one finds that the blue cofor is not confined to the corti- 


cal drops, but that it appears in the cytoplasm outside the drops and in, 


that portion of the cytoplasm which lies between the cytoplasm threads, 
2. @. in the hyaloplasm. The effect of the reagents used in preserving 
the eggs is to cause a precipitate of fine granules orspherules in the hyal- 
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oplasm. These granules resemble closely those that appear under the 
same treatment in the cortical drops and occupy the spaces in the mesh- 
work of cytoplasm threads. The granules are so smail that the blue color 
of a single one of them is hardly to be made out at all by the use of the 
microscope. It is only whena considerable thickness of the cortical layer 
is examined so that the blue granules are present in large numbers and lie 
above one another in several layers that one sees the distinct biue color in 
the cytoplasm. Itis impossible under such circumstances to make out with 
certainty whether the blue color is in the cytoplasm threads or in the gran- 
ules which occupy the spaces between these threads. The statement that it 
is the hyaloplasm or material in the meshes of cytoplasm threads which is 
thus stained blue and is consequently albuminous is founded on the behay- 
ior of the hyaloplasm when treated with a solution of orange (one of the 
aniline dyes). The matter will be taken up again presently. 

The cortical drops occupy the whole thickness of the thinner portions 
of the cortical layer, but in the thicker portions, ¢. é., inthe region of the 
germinal disc, most of them lie near its outer surface and consequently 
close against the zona radiata (Fig. 9). 

We may add somewhat to our knowledge of the cortical layer by an 
examination of thin sections. These sections should not be thicker than 
one five-thousandth of an inch. Some of those used were made from 
- pieces of the cortex that had been subjected to the Berlin blue reaction, 
while others were stained, first in a solution of gentian violet and after- 
wards in a solution of orange. | 

In sections made from pieces of cortex subjected to the Berlin blue 
process there is little additional to learn with regard to the drops them- 
selves (Fig. 18). The blue color is seen, and the fact that drops are made 
up of little granules is perhaps more evident than before. The position 
of the drops comes out very clearly, and it is seen that in the regions 
where the cortex is thin each drop occupies its whole thickness. At first 
sight it appears that the drops are not covered by cortex on their inner 
surface, but lie directly against the yolk; but an examination of sections 
shows, on the contrary, that the cortical drops are covered on their inner 
surfaces by the cortical layer and are thus entirely separated by it from 
the underlying yolk (Figs. 9 and 18). 

Another point that strikes one in these sections is that the layer of cyto- 
plasm that covers the outer surface of the cortical drops and separates 
them from the egg shell is extremely thin (Fig. 22). Itis hardly possible 
to imagine a layer of protoplasm thinner than this one. The cortical 
drops are thus almost in contact with the egg membrane, and the slightest 
force would seem to be sufficient to rupture this thin layer of protoplasm 
and allow them to come into contact with the egg shell. This thin layer 
of cytoplasm appears, when examined in surface view, to consist of cyto- 
plasm threads arranged almost in a single plane like the meshes of a net. 

If one examines sections that have been stained with gentian violet and 
orange, it is found that the cytoplasm threads have taken on the blue color 
of the gentian, while the hyaloplasm occupying the spaces between the 
cytoplasm threads, has taken the orange stain. The two substances are 
thus sharply differentiated from one another. Very much the same effect 
may be produced by using picric acid in place of orange. It is now 
worthy of note that the cortical drops are also colored yellow by the 
orange stain. Thus the statement that the material composing the cor- 
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tical drops is nearly or quite the same as that composing the hyaloplasm 
receives an additional support. 

We are thus perhaps justified in thinking of the cortical drops as merely 
accumulations of hyaloplasm, as spherical cavities in the cortex filled by 
the flowing into them of the more fluid hyaloplasm which lies between the 


cytoplasm threads. If we compare the whole cytoplasm to a sponge filled 


with water we may think of these cortical drops as corresponding to the 
large holes or passages in the sponge also filled with water. One cannot 
deny the fact that there may be in the cortical drops chemical substances 


different from those*found in the hyaloplasm or vice versa, but all that is 


here insisted on is a very probable identity. 

If we then sum up the knowledge that we have gained of the cortex of 
the egg of the wall-eyed pike, we may say that it exists in the form of a 
thin layer covering the yolk and oil drops; that it is irregularly thickened 
on one side to form the germinal disc, and that from the disc streamer like 
thickenings extend toward the equator of the egg; that the structure of 
the cortex is like that of other cell protoplasm in that it consists of a 
sponge-work of cytoplasm threads inclosing an albuminous fluid, the 
hyaloplasm; that it contains also numerous spherical cavities filled with 
an albuminous material, probably identical with the hyaloplasm, and that, 
this material exists thus in the form of drops, the cortical drops; that the 


cortical drops are entirely surrounded by cytoplasm, but are separated — 


from the egg shell by an extremely thin layer of it. 

2. The nucleus. Most observers have failed to find the nucleus in the 
freshly laid egg of bony fishes. Hoffmann (’82) has described it in several 
forms in the living egg, but so much doubt has been thrown on the accuracy 
of Hoffmann’s observations of other phenomena described in the same paper 
that one hesitates to accept his statements on the point in question. Agas- 
siz and Whitman have described the nucleus in fertilized eggs five min- 
utes after fertilization. The writer has not undertaken to find it in unfer- 
tilized eggs and in fertilized eggs has seen it only after the lapse of twenty 
minutes. It is only to be seen in sections, and is at the time mentioned in 
one of the phases karyokinesis. There is a well marked achromatic spin- 
dle (Fig. 9, nu. and Fig. 34) which is nearly at right angles to the outer 
surface of the egg and is situated near the middle of the germinal disc. 
One of its poles is just beneath the surface of the disc. Centrosomes are 
not visible and the spindle lies in the cytoplasm like a foreign body, with- 
out producing any effect on it. The ends of the spindle where the cen- 
trosomes should be are not surrounded by suns or spheres of radiating 
cytoplasm threads, such as are usually present. About the equator of the 
spindle, as described by Boehm, are about a dozen chromosomes, and each 
is rod-like and distinct (Fig. Bd). As the history of the nucelus in 
the fertilized and unfertilized eggs is identical during the first hour or so 
after they have come into contact with water there can be no difference 
between the nuclei of fertilized and unfertilized eggs at the end of five or 
twenty minutes, and the nucleus of the unfertilized egg is no doubt at that 
time in the stage of the mother star. In other words the egg, when it 
leaves the body of the parent fish, has already gone part way through the 
process of celldivision. It passes through the remainder of the process 
at a somewhat later stage in its history, but the earlier part of the process 
must be gone through with before the egg is laid, while it is still in the 
ovary. The writer has not examined the eges of the wall- eyed pike while 
they are still within the ovary, but such eggs have been described by many 
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writers, and by all of them the nucleus has been described as not under- 
going division but as appgrently in the resting stage. When the egg is 
laid the process of karyokinesis is found to be already well advanced, so 
that.the earlier stages of this process must be gone through with just 
before the egg leaves the ovary. These earlier changes in the nucleus of the 
Teleost egg, whatever their nature, have not yet been investigated. 

d. The yolk (yk. in all figures) of the egg of the wall-eyed pike is spher- 
_ ical, and marked on one side by a somewhat more than hemispherical 
depression in which lies the oil drop. In the freshly laid egg which has 
not come in contact with water, the yolk is so concealed by the cortical 
drops that one catches a glimpse of it only here and there between the 
drops. When the egg has lain a moment in water and the cortical drops 
have disappeared, the yolk is seen to be transparent, homogeneous and 
colorless. It looks like a little sphere of pure glass. It is of a fluid or 
_semi-fluid consistence and is readily pressed out of shape by the weight of 
the egg or by the pressure of adjacent eggs. Under the action of picro- 
acetic acid or Perenyi’s fluid, the yolk becomes cartilage-like in texture, 
while under the action of most mixtures containing chromic acid it becomes 
very hard and brittle. When such yolks are examined either by teasing 
them into pieces with needles or by sectioning them, they are often found 
to be traversed by small canals which radiate from the center toward the 
surface and many of which end in the depression which contains the oil- 
drop. ‘These canals often give to the yolk a radially striated appearance. 
I have never seen them in the fresh-yolk and am inclined to think that 
they are due to the action of the reagent. Similar canals have been 
described by Reichert (756) in the pike. 

When the cortex and egg membrane are ruptured, so that the yolk may 
come into contact with water, it immediately breaks up into a multitude of 
minute spheres. These spheres are very small even under the high power of 
the microscope, and they adhere together into a viscid, stringy mass which 
is difficult to remove when it is once smeared over any object.: The yolk 
thus changed appears opaque and milk white instead of transparent as for- 
merly. A very small quantity of yolk added to water suffices to make it 
milky, but the milkiness disappears upon adding to the water a small 
quantity of salt, thus showing the solubility of the yolk in salt solution. 
The peculiar behavior of the yolk toward water is common to the eggs of 
many Teleosts. The moment the egg is so injured that water gets access 
to the yolk, the latter turns white, so that one of the surest signs of an 
injured or dead egg is its whiteness. 

The oil drop is inclosed in the excavation on the side of the yolk. It is 
homogeneous and transparent and of a yellowish, golden or reddish salmon 
color. Its solubility in ether, its blackening in osmic acid, and its floating 
on water indicate thatit is oil, The oil drop is the lightest part of the 
ego, so that when the egg is placed in water and is free to move, the side 
upon which the oil drop is situated is always turned uppermost. There 
are commonly a few very small oil drops situated around the larger one in 
the substance of the yolk near its surface. Their number is variable and 
they are too small to be of practical consequence. 

The yolk has been spoken of as though it were entirely separate from 
the cortex and merely in contact with it by its outer surface. This appears 
to be the case when one sees how readily the cortical layer may be removed 
from the yolk in eggs preserved by certain methods. An examination of 
sections shows, however, that the plane that separates the yolk from the 
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cortical layer is not a definite one; the cortical layer rather merges gradu- 
ally into the yolk, so that there is no plane upon one side of which it can 
be said there is yolk only while on the opposite side there is cortex only. 
If one examines a thin section passing through the germinal disc and the 
underlying yolk, it is seen that the meshwork of cytoplasm threads is 
coarser on the lower surface of the cortex and that the hyaloplasm is con- 
sequently more abundant. Beneath the middle of the germinal dise this 
network is coarsest, the meshes here being four or five times as large as 
elsewhere. This meshwork of cytoplasm threads can be fcllowed for a 
considerable distance into the yolk underneath the germinal disc. It 
becomes coarser and is lost sight of as one passes toward the center of the 
yolk. What is thus true of the relation of the yolk to the cortex under 
the germinal disc is true in a lesser degree of its relation to the cortex else- 
where. It is possible that the network of cytoplasm threads extends quite 
through the yolk and connects the cortex of one side with that on the 
opposite side, but this has by no means been proved. We may thus think’ 
of the superficial layer of the yolk (and possibly of the whole yolk) as 
resembling the cortex. We may think of it as cytoplasm with its threads 
greatly reduced in volume and their enlarged meshes occupied not by the 
usual hyaloplasm, but by yolk material. Whereas in the cortex the cyto- 
plasm threads are equal to the hyaloplasm in volume, in the yolk the 
cytoplasm threads are far surpassed in volume by their contained yolk. 

The perivitelline space (sub-zonal space, intercapsular space, breathing 
chamber): In deéscribing the cortical layer it has been spoken of as 
though it were directly in contact with the egg shell and so it appears to 
be in a freshly laid egg that has not come into contact with water. But if 
one examines such an egg with care there is always to be seen a very thin, 
colorless line, which indicates the existence of a slight space separating the 
cortex from the egg shell at every point. This is more plainly seen in 
sections. Eggs which are to be sectioned must be treated with various 
reagents and it might readily happen that the action of these would pro- 
duce an artificial space between the cortex and the shell. The existence 
of this space naturally is, however, made probable by tie Berlin blue 
reaction which shows in sections a distinct and rather broad blue line in 
the position where the space should be. This is not only evidence of a 
space, but of a space filled with an albuminous fluid. The perivitelline 
space becomes very much larger as the eggs come into contact with water 
and will be dealt with more fully later. : 

The egg shell (z. r. Figs. 9, 10, etc.). The egg membrane or egg shell of 
the wall-eyed pike, is separated from the cortical layer in the freshly laid 
ege only by the very narrow perivitelline space. It is usually described 
as wrinkled in the freshly laid eggs of bony fishes. In the wall-eyed pike 
the membrane cannot be said to be wrinkled, it merely follows the irregu- 
larities of outline of the underlying yolk, so that the entire area of the 
inner surface of the egg membrane is scarcely greater than that of the 
outer surface of the cortical layer. In the freshly laid egg the finer struct- - 
ure of the egg shell is not readily made out unless water be added to the 
eggs. The water causes the disappearance of the cortical drops from the 
ege and at the same time leads to the enlargement of the perivitelline. 
space, so that the egg shell is more readily examined. The addition of 
water produces no visible change in the structure of the egg shell except 
that it makes it thinner. What is here said with regard to this structure 
applies therefore to any stage of the egg here considered. 
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In the freshly laid egg, if one examines the shell in optical cross sec- 
tion, itis not difficult to see that it is made up of at least two layers, an 
external, thinner layer, the external egg membrane, and an inner, much 
thicker layer, the zona radiata. The external egg membrane is about .002 
mm. thick. It is entirely structureless. Its inner surface, which is fitted 
against the zona radiata, is smooth, while its outer surface is thrown up 
into numerous minute ridges which appear in optical section as slight pointed 
elevations of the surface. If the surface of the external membrane is 
examined in a dim light or as an opaque: object, and particularly if one 
looks obliquely at it, these ridges may be seen running in a wavy course 
over its outer surface. They give the surface the appearance of being 
wrinkled. It looks very much as though the outer membrane might have 
been at first larger than the zona radiata, and might have been shrunken 
or pressed down against its surface. One would therefore expect these 
apparent wrinkles to disappear when the egg swells up by the imbibition 
of water, but they remain and are to be found in eggs that have lain a 
long time in water. From this fact and from the smoothness of the inner 
surface of the outer membrane it may be concluded that these are not 
wrinkles but merely irregular ridges. They make no impression on the 
zona radiata. 

Actual sections (Figs. 18 and 19, e., m.) of the external egg membrane 
show nothing more with regard to its structure. It does not readily stain 
if the stains that effect the zona radiata. From its adhesiveness it is 
probably a mucous layer. 

The zona radiata has a thickness of about .012 mm. As seen in optical 
cross section in the living egg ( Figs. 9} 10, 11, 16, z. r.) it appears smooth 
on both its outer and inner borders. It is seen to be marked by radial 
lines or striations which pass from its inner to its outer surface, and it is 
from the presence of these that it gets its name of zona radiata. It is not 
possible to make out the nature of these markings in an_ optical cross 
section. If one examines the zona from the surface it is seen to be 
marked by numerous small circular dots (Fig. 19, b.), which appear either 
light or dark according to the focus. These dots may be shown by focus- 
ing to be the cross sections of fine canals or columns which pass entirely 
through the zona. It is to them that the zona owes its striated appear- 
ance in cross section. 

The arrangement of the canals is best made out in surface views and 
appears at first sight to be quite irregular, but a careful examination 
shows that over small areas the canals are arranged in parallel rows which 
run in two directions and cross one another at angles varying between 15 
and 50 degrees from a right angle. The size of the areas over which a 
regularity of arrangement is distinguishable is small and variable. Six to 
ten pore canals may be counted in a row across one of them. The areas 
are of various forms, some rectangular, ,some triangular, and others 
bounded by curved lines. At their limits they pass without sharp demar- 
cation into neighboring areas. The result is such as would be obtained 
if a number of persons were to scatter themselves over a field and each 
independently begin to throw up parallel rows of hillocks running in two 
directions. Each working out on all sides from a center would soon come 
upon his neighbors. Each might then try to make his rows harmonize 
with those of his neighbors where the two met. The result would be an 
arrangement of the hillocks very much like that of the pore canals of the 
zona radiata, but somewhat less regular. Where two pore canal areas abut 
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upon one another the boundary -between them often has the form of a 
semicircle, and it often happens that a large number of such semi- 
circular boundaries follow one another in such a way as to produce a 
sinusoid curve. « 

I have spoken of pore canals, but their real nature and the proof that 
they are actually canals is only to be obtained by a study of thin sections. . 
Such sections should be made in various directions, and should not be 
more than .005 mm. thick, and some of them should be, if possible, 
thinner. They may be stained in various ways. If one examines such 
sections after staining with gentian violet it is found that the material 
between the canals is stained a deep blue, while the canals. remain 
unstained and appear in a tangential section as colorless circular areas on 
a dark blue background. If one stains with gentian violet and after- 
wards with orange, it is found that the canals are stained yellow while the 
matrix or material between the canals is blue as before. Two things thus 
become apparent, first, that the canals are not empty tubes, but are filled 
or plugged with some material and, second, that this material is different 
from the matrix which lies between the canals. The yellow color given 
to the contents of the canals by the orange stain is not sufficiently pro- 
nounced or sufficiently precise to enable one to determine by its use the 
exact form and course of the canals, and there is so far not even any evi- 
dence to show that the so called canals ore actually such. Much more. 
precise results are obtained by subjecting a piece of the zona radiata 
together with the underlying cortical layer and the perivitelline space to 
the Berlin blue reaction. When pieces thus treated are examined from 
the surface or by means of tangential sections (2. e., parallel to the surface ) it 
is found that the contents of the canals are colored a deep blue, while the 
material between the canals is unstained. By the use of the gentian violet 
there are obtained colorless spots (the ends of the canals) or a blue back- 
ground, while bythe Berlin blue reaction there are obtained deep blue 
spots (Fig. 19b.) on a colorless back ground. By thus staining the — 
contents of the canals while leaving the rest of the zona radiata unstained, 
it is possible to make out a number of things hitherto obscure. Cross 
sections of the zona radiata 7. e., sections made at right angles to its sur- 
face pass lengthwise of the pore canals and enable one to get a side view 
of them. Such sections (Fig. 19a.) show that the canals are not straight, 
but that each takes a spiral course from the inner to the outer surface of 
the zona radiata. Each canal starts at the inner surface of the zona with 
a broad half spiral turn and then continues in a_ narrower, closer 
spiral through about two-thirds the thickness of the zona. It then 
narrows somewhat abruptly to not more than one-third its former calibre,. 
and continues to the outer surface where it ends in a trumpet-like expan- 
sion. Hach canal is thus divided into a thicker inner portion (in) and a 
more slender outer portion (ex). The spiral turns made by the inner 
portions of the canals at starting do not all pass in the same direction. ' The 
result is that they overlie one another,.so that unless the section is very 
thin they obscure one another so much that it is not possible to make out — 
their exact course. If the inner ends of the canals are examined with 
care it is found that the blue material filling them (Fig. 19c, pv. t.) is 
directly continuous with the blue material filling the perivitelline space. 
In other words, the material in the canals is the perivitelline fluid. In 
some specimens the fluid is found to have passed into the inner ends of 
the canals without having entirely filled them( Fig.19c).. In such specimens. 
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some canals are filled for a part of their length, while others are not filled 
at all, and the whole appearance is that of a partial injection of the canals 
from their inner ends. | 

The appearance of the canals varies somewhat according to the method 
by which the egg was preserved. Thus in eggs preserved by Hoffmann’s 
method (Fig. 19c) itis usually not possible to follow the canals to the 
outer surface of the zona; their delicate outer ends and their trumpet-like 
expansion are seen with difficulty and the external eg membrane lies close 
against the zona radiata. In specimens preserved in Perenyi’s fluid on the 
contrary (Fig. 19a) the zona is swollen so as to be half again as thick as 
by Hoffmann’s fluid, the pore canals are readily followed to their outer 
ends and there is an accumulation of perivitelline fluid between the 
external egg membrane and the zona radiata (pv. f). The explanation 
of the difference is probably as follows: Perenyi’s fluid swells the zona 
radiata and increases its thickness while at the same time it lessens the 
size of the sphere formed by the zona, so as to bring it down close against 
the cortical layer and cause pressure on the perivitelline fluid. The result 
of the swelling is to elongate and straighten the pore canals so that the 
angle between the outer and inner portions is less and the trumpet-like 
expansion is greater. ‘The canals are thus more easily visible. The result 
of the contraction is to press upon the perivitelline fluid and force it into 
the pore canals so as to completely fill them: _ The pore canals are not only 
thus filled and rendered visible but some of the fluid frequently flows out 
of their outer ends and accumulates between the zonaradiata and external 
ege membrane and thus raises the external membrane from the zona 
radiata and forms an artificial space (Fig. 19a. pv. f). 

If one examines sections made parallel to the surface of the zona 
(Fig. 19b), one sees that in cross section the canals are circular. If the 
section passes near their inner ends it is found that they have a diameter 
of between .0OL and .0015 mm. and than the distance between them is 
about one-half their diameter. If the section passes through their outer 
ends (the section shown in 19b is near the middle) the smaller calibre of 
the outer portion is at once noticed. It is not more than one-third of the 
calibre of the inner portion, so that cross sections of individual canals 
appear as mere dots. The distance between the canals at their outer ends 
is several times their diameter. This is due not only tothe smaller calibre 
of the canals but to the greater area of the outer surface of the zona as 
compared to its inner surface. 

By the arrangement now described by which the perivitelline fluid 
passes into delicate canals which traverse the zona radiata, this fluid is 
.enabled to expose an enormously increased surface to the external water. 
If the external water penetrates into the matrix of the zona radiata it is 
brought into contact with the fluid of the subzonal space over an area 
many times greater than the egg itself. A little later it will be shown 
that this increase of surface of the perivitelline fluid bears an important 
relation to its probable function. 

It is not the intention here to discuss the question of the structure of 
the ege membranes in bony fishes. The writer has not had access to all 
the lterature on thesubject and a review of it is rendered quite unnecessary 
by the recent careful work of Mark (°90). <A few points only will be here 
touched upon. Mark points out that the evidence upon which the state- 
ment is based that the so called canals in the zona radiata of fishes are 
actual perforations is insufficient. He says “The proof that the striate 
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appearance of the zona is due to pore canals, although very generally 

assented to by the most competent observers, especially in recent years, 
has nevertheless hitherto rested on comparatively slight evidence.” The 
fact that the structures called pore canals are canals at all was denied by 
André (’75). Mark believes that he has produced additional evidence in. 


having shown that the outer ends of these’canals in Lepidosteus are pene- 


trated by the root-like prolongations of the viili composing the outer layer 
of the egg membrane. From thus seeing the outer ends of the canals 
filled, injected as it were, by some foreign substance Mark ‘correctly con- 
cludes that they are canals and is able to establish the fact that they are 
spiral. 

oe the wall-éyed pike we have now additional and even stronger evidence — 
to the same effect. We see the canals filled from end to end by a material ~ 
continuous with the fluid in the perivitelline space and apparently iden- — 
tical with it and we see this fluid under certain circumstances forced 
through the canals. We have also evidence that the canals are spiral; as 
Mark has described them to be in Lepidosteus. 

Stockmann (’83) is quoted by Mark and Henneguy as describing in the 
zona radiata of the trout tooth-like elevations of the walls of the pore 
canals due to the presence of ridges on their inner surfaces. The observa- 
tions were made with a one-twentieth Reichert immersion lens. The 
spiral course of the canals in the wall-eyed pike gives rise to an appear- 
ance of teeth along their sides as shown in Fig. 19 a and c. The writer - 
has worked with a 2mm. Zeiss apochromatic with compensation eye pieces 
8 and 12 and has had no difficulty in determining that these apparent | 
teeth in the wall-eyed pike are due merely to the spiral course of the 
canals. He has not seen Stockmann’s paper and does not know whether 


the teeth described by him are the structures seen in the wall-eyed pike. 


Stockmann is further quoted as describing fine canals running in the 
matrix and opening into the pore canals between the teeth. If such 
structures were present in the wall-eyed pike it would seem that they 
must, be injected by the perivitelline fluid and in that case they must have 
been readily visible or must at least have given a blue color to the 
matrix. No evidence was obtained of their existence. 

Subzonal membrane. The existence of a subzonal membrane in Tele- - 
osts has been both affirmed and denied. In the eggs of the wall-eyed — 
pike after they have lain some time in water, one may often see appear- 
ances that are due to the presence of a membrane between the zona and 
the cortical layer. This membrane seems to be partly adherent to the 
inner surface of the zona, but is thrown into folds which extend toward — 
the cortical layer into the perivitelline space. The appearance produced 
by these folds is that of irregular bands or lines running through the per- 
ivitelline space near the zona. These bands are sometimes straight, often 
curved and frequently branched so as to be X shaped. They are trans- 
parent, homgeneous and colorless, and are visible owing to their density 
being greater than that of the perivitelline fluid. I can explain them in 
no other way than as folds of a structureless membrane. I do not know 
whether they occur in all eggs, as my attention was only attracted by them 
at a time when there was not an opportunity of examining many eggs and 
when the few that remained were not in the best condition. 

The same appearance may be seen in eggs that have been treated first 
with picro-acetic acid and then transferred directly to a mixture of equal 
parts of glycerine, alcohol and water. The first effect of the latter mixt- 
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ure is to cause the egg membranes to collapse, but after a short time in 
the fluids the membranes again become distended. Eggs thus preserved 
are transparent, the perivitelline space remains clear and the appearance 
of the living egg is more nearly preserved than by any other process 
known to me. When these eggs are examined entire one sees lines which 
are above referred to as produced by folds in a structureless mem- 
brane. Bystretching the membrane in this way or that one may change the 
character of the folds by causing them to run in the direction of greatest 
tension. The egg membranes may be removed and pieces of the subzonal 
membrane pulled away from the inner surface of the zona. Such pieces 
are found to be adhesive and to roll up easily. Under the microscope 
they appear homogeneous and between .001 and .002 mm. thick and covered 
with the granular precipitate from the subzonal fluid. I was uncertain 
whether the membrane contained pore canals. The same membrane may 
be seen in sections of eggs preserved by other methods. It appears here 
‘structureless, at least I cannot see pore canals in it. The folds seen in 
surface view are plain in sections, Sometimes the membrane lies close 
against the germinal disc or cortex, while in other places it adheres to the 
zona radiata. ‘ 

There can be no doubt as to the existence of this membrane in this 
ease. I have not found it in unfertilized eggs protected from contact with 
water, and it may be formed by the egg under the stimulus of fertiliza- 
tion or of water. On the other hand it may be separated from the zona 
radiata under the same conditions. The matter needs further investigation. 

The micropyle is the opening through which the spermatozoén enters 
the ege. In the freshly laid egg of the wall-eyed pike it is difficult to 
find it without the addition of water. When the egg has lain a short 
time in water there may be seen onthe side opposite the germinal disc 
and directly over the middle of the disc, a saucer-like depression on the 
outer surface of the egg membranes (Figs. 9, 10, 16, my.). From the mid- 
dle of the bottom of this depression may be seen a funnel shaped excava- 
tion which has its apex directed inward and passes about half way through 
the zona radiata. Itis the micropylar funnel (Fig. 23, my. f.). From 
the apex of the funnel there proceeds a delicate canal, the micropylar 
canal, which passes through the remainder of the thickness of the zona to 
open on its inner surface (Fig. 23, my.c.). The micropylar canal opens at 
the apex of a conical projection of the zona (Fig. 20, my. e.) and in some 
specimens that I have examined it seemed to expand so as to end in a 
slight funnel shaped enlargement. It is difficult to be sure of the accu- 
racy of this observation. Before the egg has touched the water the con- 
ical elevation at the top of which the micropylar canal opens is imbedded 
in the germinal disc (Figs. 9 and 10) and cannot then be seen. After the 
ege has lain in water for three or four minutes the zona radiata is raised 
up from the surface of the germinal disc by the accumulation of water 
beneath it, and the conical micropylar elevation is pulled out of the germ- 
inal disc so as to be readily seen (Fig. 16). No attempt has been made to - 
study the micropyle in sections, but [ have come upon it once by chance. » 
In this section it was seen that the zona radiata was thinner for a short 
distance on every side of the micropyle than elsewhere. Doubtless this 
thin area of the zona, in the center of which the micropyle lies, corresponds 
to the saucer-like depression seen on the surface of the living egg. In 
this section the micropylar funnel and canal were visible, but their appear- 


116 TENTH REPORT—STATE FISHERIES. 


ance was the same as in the living egg. The micropylar elevation did not. ‘ ae 


appear. 

One may get a crude notion of the micropyle by punching a hole ina © 
piece of cardboard with some conical instrument, such as the point of a — 
lead pencil. |The cardboard represents the egg membrane and the open- 
ing the micropyle, and it will usually happen that on the side opposite that 
against which the pencil is forced, the cardboard is thrown up into a coni- 
cal elevation, at the top of which is the hole that has been made. This 
elevation corresponds to the micropylar elevation which is of importance in 
later stages. 

The egg of the wall-eyed pike then, as it leaves the fish and before it 
comes in contact with water (Fig. 9), isa soft, irregularly spherical, yellow- 
ish body one-nineteenth of an rinch in diameter and bathed by a small 
quantity of an alkaline albuminous fluid. It consists of a central yolk, 
inclosing a single large yellow oil drop and itself surrounded by a cortical 
layer. The line of separation between cortical layer and yolk is not sharp. 
The cortical layer is thickened on one side to form the germinal disc. 
It consists of a network of cytoplasm threads inclosing hyaloplasm and — 
incloses numerous albuminous cortical drops. The germinal disc contains 
the nucleus which is in one of the phases of karyokinesis. Outside the 
cortical layer and separated from it by a very narrow space are the ege | 
membranes, an inner zona radiata pierced by numerous spiral pore canals 


which pass quite through it and an outer, structureless, mucous, external — 


egg membrane. The pore canals of the zona are filled with an albumi- 
nous fluid which is continuous with the fluid in the perivitelline space. 
Over the middle of the germinal disc is the micropyle, which lies at the 
bottom of a saucer-like depression and consists of a raicropylar funnel and 
a micropylar canal, the latter opening internally at the top ofa conical 
micropylar elevation which is received into a depression in the germinal 
disc. 

Such an egg may be compared to an praia cell. It differs from 
other cells in its great size, which is probably thousands of times greater 
than that of any other cell in the body. This difference is brought about 
by the presence in the egg of the yolk, the food material upon which the 
developing fish must be nourished until it is large enough to care for 
itself. This food material is stored up in the middle of the egg cell, and 
the protoplasm of the cell is consequently forced to the surface where it 
forms the cortical layer. (Compare Figs, 1 and 9; 1 is magnified many 
more times than 9.) Not all the protoplasm is thus forced to the surface, 
since a few cytoplasm threads are to be found in the superficial layers of 
the yolk. The cortical layer moreover is thickened on one side in the 
region where the nucleus is, and this thickening, the germinal dise (Fig. 
9, g.d.) doubtless owes its existence to the presence of the nucleus. The 
nucleus (nu.) is in the process of karyokinesis, as it may be in any other 
cell. Finally the egg cell is inclosed in a peculiar cell wall, the zona radi- © 
ata (z.r.). Itis possible that the outer egg membrane is also a part of the 
' cell wall, but this is uncertain. We may thus compare the egg cell point 
for point with an ordinary cell and see that its peculiarities are to be 
referred to the work that it has to do, the work of ee food and — 
protection for the young fish. 
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B.— BEHAVIOR OF THE FRESHLY-LAID EGG UNDER THE ACTION OF WATER. 


When the eggs of the wall-eyed pike are placed in water, a number of 
changes are visible to the naked eye. The eggs adhere to any object with 
which they come in contact. The adhesion is at first slight, but if the 
eges are not disturbed it becomes gradually firmer, until at the end of 
half an hour any attempt to free the egg from the object to which it has 
adhered is likely to result in bursting it. The adhesion is undoubtedly 
due to the action of the water on the external egg membrane. The water 
appears to gradually harden the external membrane which thus looses its 
adhesive qualities. Ifthe eggs are kept continually in motion so as to 
break up every slight adhesion as soon as it is formed, they may, after an 
hour or so, be left to stand without fear of their again adhering. The eggs 
adhere more firmly to a smooth surface than to a rough one probably: 
because smooth surfaces afford larger unbroken surface of contact. That 
the adhesion is due to the action of the water and not to any solids or 
gases dissolved in the water, is shown by the fact that the adhesion is just. 
as great in distilled water as in lake water and is the same in lake water 
that has been vigorously boiled to expel gases that it is in unboiled lake 
water. 

A second effect of water visible to the unaided eye, is that the egg 
rapidly looses its irregularity of form and softness and becomes larger, 
regularly spherical and hard to the touch. This process is called “filling” 
of the egg and is due to the absorption of water, so that during the process 
as Miescher (’80) has shown the egg actually increases in weight. An egg 
before it has been in water is soft and lacks elasticity; it has the physical 
properties of a ball of putty. An egg after it has been for half an hour 
or more in water is hard to the touch and elastic. It is almost impossible 
to crush it by compressing it evenly between the ball of the thumb and 
fore finger. If thrown it bounds like a rubber ball. The egg after it is 
filled is therefore much more difficult to injure than before it was filled. - 

Much more is to be made out concerning the effect of water on the egg 
by examining it under the microscope during the process of filling and by 
‘comparison of sections and other preparations made from eggs before and 
after filling. In order to study the living egg the following device was 
resorted to. A dozen or more eggs were arranged in rows on the bottom 
of a watch glass (a solid watch glass is preferable) in such a way that they 
do not touch one another. While arranging the eggs they may be lhfted 
on the point of a scapel and shoved about in the watch glass by the same 
means, but they should not be grasped between the jaws of a pair of for- 
ceps nor subjected to any other pressure, lest the cortical layer be 
injured and the yolk escape. When the egys are arranged the watch 
glass is placed under the microscopes, an egg focused and water added, 
The addition of water causes the eggs to adhere to the watch glass in 
the position in which they were placed, and it is easy to pass from 
egg to egg in any row and to locate any egg by its number in the row, 
and so be able to find it readily again. The eggs were studied by 
the use of Zeiss’s 16 mm. apochromatic lens, with various eye pieces. 
No cover glass was found necessary. 

The first change that attracts attention is the disappearance of the cor- 
tical drops. The drops disappear rapidly so that at the end of two or 
three minutes there are usually none of them to be found. (Compare Figs. 
9 and 16, or 10 and 11). It is difficult to say from a study of the living 
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ege what becomes of them. By focusing carefully on a single drop one 
- may see that its dark borders become gradually less distinct, the drop itself 
becomes paler and fades from sight. From the time the border of the 


drop becomes indistinct until it has entirely disappeared is usually about 


two seconds. In eggs that are attached by one surface to glass it is 
noticed that the drops disappear first from the exposed upper surface, 
while on the lower surface which is protected from the water by its adher- 
ence to the glass, they remain for many minutes. This shows that the disap- 
yearance of the drops is due to the action of the water. Whether they 
ire dissolved in situ by the water or-expelled into the perivitelline space 
and then dissolved is difficult to determine. In one case by focusing on 
a drop which lay near the middle of the optical section of the egg I was 
able to see it discharged into the perivitelline space, where it almost 
instantly disappeared by solution. I have never been able to verify this 
observation, so that it is probably to be explained by supposing that in 
this case the cortical layer was injured and the discharge of the drop 
abnormal. Certainly if the drops are regularly discharged as such into 
the perivitelline space one ought to see it. The drops disappear in ordi- 
nary lake water, but if the water used is very slightly alkaline the drops do. 
not disappear. 

From the above facts, the disappearance of the cortical drops only upon 
actual contact with water that is not alkaline, and the failure to see them 


discharge in the living egg, we might surmise that they are not discharged ~ 
into the perivitelline space, but are dissolved by the water in situ. Sec- 


tions give some further light on the subject. : 

A second effect visible in the living egg under the microscope is that the 
perivitelline space is enlarging, or one might say it is forming, since before 
the addition of water to the egg the space is a mere chink between the 
zona radiata and the cortex. Now the space enlarges rapidly and on all 
sides at once. The enlargement is due to the passage of water through 


the egg membranes and its accumulation in the perivitelline space. It was. 


_ observed by Ransom (’66) that the water passed in the stickleback through 
the micropyle, but that in other forms the water probably passed in through 
the egg membranes at all points with equal rapidity. In the wall-eyed 
pike one may watch in vain at the funnel of the micropyle for any indi- 


cation of a current of water setting in there. There is no movement of | 


spermatozoa or other small particles in the water that would indicate a 
current through the micropyle. The amount of water that passes into the 
perivitelline space is so great that if it all passed through the micropyle 


the rate of flow must be enormous... It would seem to be a physical impos- — 
sibility for so much water to pass through so small an opening in so short | 


atime. If the water passed in through the micropyle the perivitelline 


space ought to be seen first at the micropyle and ought then to extend in > 


all directions about the egg. Asa matter of fact the perivitelline space 
appears over the whole surface of the egg at about the same time. It 
often happens that it appears a little later in the region of the micropyle 
than elsewhere. 7 
Calberla (’79) has furnished decisive evidence on this point in the eggs 
of the lamprey eel. He placed some of the eggs in water that had been 
colored blue by induline and as the eggs filled he found that the blue fluid 
had passed into the perivitelline space and formed a uniform layer every- 


where between the zona radiata and the yolk. He then transferred — 


the eggs to pure water. If now the water passed in through the 
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micropyle, the result must be either that the blue fluid would be forced 
to that part of the perivitelline space on the side of the egg opposite the 
micropyle while the water would occupy that part of the space in the 
region of the micropyle, or else that the two fluids would be thoroughly 
mixed. If on the contrary the water passed in through all parts of the 
egg membranes at the same time then there would be formed a layer or 


. B8hell of water everywhere in the perivitelline space just beneath 


the zona radiata, and within this shell of water must be the blue fluid. 
The experiment showed that the fluids were arranged in the second 
way and thus proved that they had entered the perivitelline space on all 
sides at the same time and not through the micropyle. 

It has been said that the disappearance of the cortical drops and the 
formation of the subzonal space takes place at the sametime. The cortical 
drops have disappeared at the end of three or four minutes, but at that 
time the perivitelline space is still very small. It continues to enlarge for 
about half an hour, the rate appearing to depend somewhat. on the temper- 
ature, but at the end of half an hour or an hour the space is fully formed. 
Although the formation of the space goes on after the cortical drops have 
been dissolved, there is nevertheless a close connection between the two 
phenomena and the formation of the space is wholly dependent on the 
solution of the drops. There is an interdependence in rate. If by 
reason of low temperature or for other cause the cortical drops disappear 
slowly the perivitelline space forms slowly. The disappearance of the 
drops is accompanied or immediately followed by the appearance of the 
perivitelline space, so that there is an interdependence in time between the 
two phenomena. It sometimes happens that the cortical drops do not dis- 
appear under the action of water. This is frequently the case in eggs 
from unripe fish or from fish that have been kept in confinement under 
unfavorable conditions. In such cases there is no formation of a perivi- 
telline space. On the other hand the character of the water may be such 
that it does not dissolve the surface drops or dissolves only part of them. 
This is true of water that contains a trace of an alkali. Thus water which 
contains a very small proportion of milt is distinctly though feebly 
alkaline and in such water the cortical drops are either not dissolved at all 
or only a part of them is dissolved, and the eggs either do not forma ' 
perivitelline space or form only a very small space. From this intimate > 
connection between the formation of the perivitelline space and the — 
disappearance of the cortical drops we may conclude that the solution of 
the drops is necessary to the formation of the perivitelline space. 

When the perivitelline space has formed and the egg is “filled” the fluid 
contained in the space has the appearance of water “and has been usually 
regarded as such. It has a distinct, though not strong, alkaline reaction 
and, when evaporated, leaves a considerable 1 non-crystalline residue. Under 
the microscope it appears in the egg at first sight entirely clear , 
and free from solid particles. I have not examined if under the micro- 
scope after removal from the perivitelline space but only in the space in 
the living egg. This examination was made for the purpose at first of 
seeing whether it was possible to detect in the subzonal space the presence 
of numerous spermatozoa as they have been described by Kupffer (77). 
By thus searching carefully through the perivitelline fluid there were 
frequently found minute granules of almost precisely the size of the heads 
of the spermatozoa that were seen lying outside the zona radiata. ‘These 
granules were in motion moving here and there and at the same time 
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oscillating so that the nico resembled very closely that of the hoa: Ae a 
slowly moving spermatozoén. Under the power that it was possible to 
use and with the obstruction to clear vision presented by the zona radiata, 
one could scarcely expect to see the tails of the spermatozoa. I was there- 
fore for a long time inclined to think these granules the heads of 
spermatozoa. I was able to find them not only in the part of the 
perivitelline space opposite the germinal disc but in all parts of the space. 
They were visible as soon as the perivitelline space had formed and in 
positions which it would be impossible for them to have reached from the 
micropyle, so that if they were spermatozoa they must have penetrated the 
zona radiata at all points in great numbers and very rapidly. The 
improbability of this and the fact that although most of them were of the 
size of the head of a spermatozo6én, yet some were larger and few several © 
times as large, led me to doubt as to the validity of “this conclusion. I 
was finally led to an examination of unfertilized eggs, which had been 
carefully protected from any contact with spermatozoa, and there found the 
same granules moving in the same manner. They are probably therefore 
either granules of protoplasm torn off possibly by the currents produced 
in the dissolution of the cortical drops, or they may be granules of yolk 
material that have in some way escaped into the perivitelline space. Their 
movements are wholly physical and are doubtless due to osmotic currents. 


They prove that this fluid in the perivitelline space is not at rest butis on - 


the contrary in constant motion. ; 

The perivitelline fluid mixes readily with water uthoed producing 
any precipitate or any milkiness of the water such as was described by 
Solger (’85) and such as would occur in the wall-eyed pike if these 
granules were yolk granules and were present in sufficient quantity. 
They may be yolk granules not sufficiently abundant to produce 
turbidity. 

The perivitelline fluid undoubtedly serves a purpose in the economy of 
the egg in that it keeps the egg membranes tense and thus affords protec- 
tion to the parts within. The proof of this will be forthcoming presently. — 
It undoubtedly also serves to transmit from the surrounding water to the © 
cortical layer the oxygen gas which the egg needs, and to transmit the 
carbonic acid gas from the egg of the external water. It thus necessarily 
associates with the function of protection to the egg, the further function 
of serving as a go-between from the egg to the water in which the °e8 
lies. In what manner it probably does this will appear later. 

The question now arises as to whether the perivitelline fluid is in aly | 
way necessary to the egg except as affording protection. Can the egg live _ 
in the earlier stages if the shell and perivitelline fluid are removed from — 

it? In the eggs of most bony fishes it is practically impossible to remove 
the shell and the perivitelline fluid in the early stages, 7. e., before segmenta- 
tion has set in. Attempts to do this in the wall-eyed pike have invariably 
resulted in the injury to the egg. Even when, in slightly later stages, it 
is possible to remove the shell it is found that the egg is too delicate to 
bear its own weight and that after a short time the cortical layer is 
ruptured and the egg goes to pieces. Probably the same statements hold 
for the eggs of nearly all bony fishes. In the egg of the common sucker 
(Catostomus teres) | have found that it is not difficult to remove the shell 
oe the rather thick perivitelline fluid by means of fine scissors and 

orceps. 

The record of an experiment in which this was done is as follows: The 


APPENDIX. 121 


eges were taken on April 10, 1892 at 11:30a. m. and were fertilized artific- 
ially. On April 12 at 10 a. m. the yolk was found to be about half covered 
by the blastodern. The shell and perivitelline fluid were then removed from 
a number of eggs which were then put into adish by themselves in running 
water. In some of the eggs a large opening was cut in the shell and the peri- 
vitelline fluid was washed out through this, buttheeggs werenotremoved from 
the shell. On April 16 at 4 p.m. well developed embryos with optic vesicles 
and lens were found on the eggs. The embryos were further advanced in 
development than those in unopened eggs in another dish, but this may have 
been due toa difference of temperature. Some of them had been attacked by 
fungus. The healthy embryos were removed to another dish and on April 
17 one of them had escaped from the shell and voluntary movements were 
detected in others. These embryos continued to develop normally until 
the whole yolk was entirely absorbed, when they died of starvation. 

We thus have good evidence that the only necessary function of the 
perivitelline fluid in the stage experimented on (and of the shell) is that 
of protection, since eggs deprived of both develop perfectly well if they are 
protected by placing them in a dish by themselves. The function of 
transmitting oxygen and carbonic acid gas, which the perivitelline fluid 
assumes, is one forced on it by its position, and one for which it does not 
appear that it has any peculiar adaption. Probably any other harmless 
albuminous fluid having about the physical properties of the perivitelline 
fluid would serve as well in its place. 

So far, I have spoken of the effect of water on the unfertilized egg as 
seen in the living egg in producing the solution of the cortical drops and 
the formation of the perivitelline space. These changes are accompanied 
by others. The accumulation of water under the egg shell causes the latter 
to be raised up and to be stretched and thinned. Inthe freshly laid egg 
the shell lies close against the cortical layer and adapts itself to whatever 
form the contained yolk may take. Both shell and yolk lack elasticity 
and may be moulded within certain limits into other forms than the 
sphere. The shell is not thrown into folds, as it is commonly stated to be 
in other bony fishes. When the shell is distended by the accumulation of 
the perivitelline fluid the distension is not to be thought of as a mere 
expansion of the originally collapsed shell, such as one might produce by 
blowing into a collapsed bag of leather as a glove finger. The shell is 
not merely distended; it is stretched and enlarged so that it becomes thin- 
ner in the process, as dves a rubber bag when inflated with air. The 
stretching and thinning of the shel], once brought about, is permanent and 
the shell retains the size and form given to it. So far as the effect on the 
shell is concerned the process is the same as that which takes place when 
a fresh bladder is inflated with air and then dried. As the air is forced 
into the bladder its walls yield, stretch and become thinner and the 
bladder enlarges. If the air is allowed to escape the bladder again con- 
tracts, but if the air is not allowed to escape and the bladder is dried, it 
retains the form and size imparted to it by the air within it and does not 
again collapse. It is the same with the shell of the wall-eyed pike egg. 
Stretched and thinned by the accumulation of water in the perivitelline 
space it retains the form thus given it, and if punctured does not again 
collapse. . 

It is difficult to determine quantitatively the amount of thinning of the 
membranes during the process. Sections made of the eggs preserved in~ 
Hoffmann’s fluid before the formation of the perivitelline space give a 
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total thickness of .017 mm., while those made from eggs after the forma- 
tion of the space give a thickness of .012 mm. Here theaction of the reagents 
has probably been to decrease the first measurement, since it causes a slight 
enlargement of the perivitelline space of eggs that have not come into 
contact with water. Unfortunately no accurate measurements were made — 
on the living egg though the thinning was many times noticed, and its 
existence determined at least once by projecting with a camera an optical 
eross section of the shell before and after the formation of the space. 
The thinning appears by a comparison of Figs. 10 and 18, or 9 and 16. 
Another result of the action of water, and one visible in the living egg, 
is the increase in size of the germinal disc. When the egg leaves the fish 
the disc exists, as already described, as an irregularly thickened patch on — 
one side of the cortical layer. There may be two of these patches and 
from them thickened strands of cortical substance pass toward the equator 
of the egg. In an optical section of the egg (Figs. 9 and 10) the dise isa 
crescent-shaped thickening of the cortical layer and appears to cover one- 
third of the circumference of the egg, though this great extension is no 
doubt due in part to the radial thickenings mentioned above. ‘Two minutes 
after the egg has touched the water (Fig. 11) the germinal dise (g. d.) has 
become of about two-thirds its former breadth and nearly twice as thick. 
This change is due to a flowing of the protoplasm of the cortical layer into 


the disc so as to increase its volume. It is possible that the cytoplasm ~ 


contained in the yolk contributes slightly to this increase of volume. An - 
examination of the cortical layer stripped from a preserved ege at this 
time shows that the thickenings which radiated from the edges of the 
germinal disc have been withdrawn. They have doubtless been taken up > 
into the disc. 

At the end of seven minutes from the time the egg touches the water 
the germinal disc (Fig. 12), though of about the same breadth, is half 
again as thick as at two minutes. The perivitelline space has now a width 
about one-eighth the diameter of the oil drop. At the end of an hour 
(Fig. 13) the perivitelline space has increased to.a width about one-third 
that of the oil drop, but the germinal disc remains of the same size as 
before. When removed from the yolk it hus now the form of a saucer or 
a watch glass, the concave surface of which is fitted against the yolk. It | 
is thickest at its middle and becomes gradually thinner towards its edges 
where it passes into the cortical layer. : 

At the end of two and a half hours (Fig. 14) the perivitelline space has 
an average width nearly one-half that of the oil drop and the germinal 
disc has changed shape. Its breadth is now diminished by about a third 
and its thickness is nearly doubled. Itis no longer concave on its lower 
surface like a saucer, but flat, while its free surface is arched like a part of 
the surface of a sphere. The surface of the yolk against which it rests is 
flattened and adapted to the now plane base of the germinal disc. At its 
borders the surface of the disc is continued smoothly into the surface of 
the cortical layer covering the adjacent yolk, so that in the optical section 
the outline of the disc and yolk taken together is nearly a circle (Fig. 14) 
and the disc forms scarcely any projection on the surface of the yolk. The 
disc thus has the form of a part of a sphere, the radius of which is only 
slightly smaller than the radius of the yolk. A 

Atthe end of three hours (Fig. 15) the perivitelline space is of the 
' same size as at two and a half hours, but the germinal disc has changed. 
It still has the form of a portion of a sphere with one flat side, but of a 


APPENDIX. | 123 


sphere whose radius is somewhat less than two-thirds the radius of the 
yolk sphere. The yolk is flattened on one side as before and the germinal 
disc, now almost hemispherical, has its flat side fitted against the flat side 
of the yolk. The result is that the germinal disc now forms a decided pro- 
tuberance on the side of the yolk, a protuberance large enough 
to be seen with the naked eye. The surface of the germinal disc 
no longer passes smoothly into that of the cortical layer covering the 
adjacent yolk at its borders, but there is a triangular groove about 
the egg at the edge of the germinal disc (Fig. 15, gr.). 

The bulk of the germinal disc, when it has thus taken on its final form, 
is much greater than its bulk in the freshly laid egg (compare Figs. 11] 
and 15), and the additions have been mainly at the expense of the other 
portions of the cortical layer (compare Figs. 9 and 16). 

It is to be noted here that this formation of ‘a germial disc does not take 
place unless the cortical drops are dissolved and that it takes place only 
imperfectly when only a part of the cortical drops is dissolved. The rea- 
son for this seems to be that the protoplasm is burdened by the presence 
of the drops and when loaded with them is not able to draw itself together 
into a disc. Thus the solution of the cortical drops becomes a matter of 
great consequence for the future welfare of the egg. Eggs in which any 
considerable number of them remains undissolved and in which the ger- 
minal disc is not fully formed do not develop further. 

The last change to be noticed in the living egg as a result of the addi- 
tion of water, is a slight decrease in the volume of the egg proper. This 
decrease in volume results, as it does in so many other eggs (see below), 
from the solution of the surface drops. While the whole egg is increas- 
ing in volume by the absorption of water, the cortical layer and its con- 
tents, the yolk, are diminishingin volume. The substance of the cortical 
drops passes from the cortical layer into the perivitelline space and the 
volume of the cortical layer is ‘diminished by so much. 

There is no evidence that the egg of the wall-eyed pike contracts or 
shrinks through any vital activity of its protoplasm. The whole process 
seems to be rather a physical one, the solution of the cortical drops. 
Knowing the number of cortical drops ina unit of area and their average 
size it would not be difficult to calculate the amount of shrinkage due to 
this cause, and to compare it with the amount actually observed, but this 
has not been done. Besides this actual shrinkage of the egg body, there 
is an apparent shrinkage with which it has possibly been sometimes con- 
founded. Before the egg fills, the egg body when it lies on a flat surface 
is forced to bear its own weight, and it consequently flattens somewhat, 
just as does a sphere of soft putty or dough when laid on a hard, flat sur- 
face. Such an egg examined from above appears to be larger than it really © 
is, since its diameter parallel to the surface on which it lies is greater than 
its diameter vertical to that surface. 

When the perivitelline space is formed the egg body nearly floats 
in the albuminous fluid which fills that space. It is supported on 
all sides, and only a small part of its weight probably rests on the 
egg shell below. The support afforded it by the egg shell is, more- 
over, not that of a flat surface; but a concave surface. The result is 
that the egg body becomes more nearly spherical, the diameter parallel 
to the surface on which it rests is more nearly equal to the diameter 
vertical to that surface, and when seen from above the egg body conse= 
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quently appears smaller. It appears to have shrunken while it has. in a os 


reality merely changed shape. | 

We thus see in the living egg under the microscope the following 
changes, due to the action of water:—The disappearance of the cortical 
drops, the formation of the perivitelline space, the thinning of the egg- 
shell, the increase in size and the changes of form of the cerminal dise 
and the shrinkage of the egg body. All these changes may be seen by a 
comparison of Figs. 9 and 16. 

Sections of preserved eggs show very much the same things with regard ; 
to the effect of water on the egg that are to be observed in the living 


egg. Sections through the cortical layer outside the germinal dise show _ 


at once the absence of the cortical drops. When the drops are present the 
cortical layer has a thickness equal to the diameter of the drops (Fig. 9), 
but now that they are absent the cortical layer has a thickness which is 
not more than one-third the average diameter of the cortical drops (Fig. 
16). To this reduction in thickness of the cortical layer by the with- 
drawal from it of the cortical drops is to be attributed the shrinkage in 
volume of the egg body. 

Preserved eggs show as already pointed out a precipitate in the 
perivitelline space. The fluid in this space is not then pure water but 
water containing some substances in solution. If this precipitate be 
subjected to the Berlin blue reaction or if sections showing it be subjected 
to this reaction, it becomes intensely blue. It is then seen to be made up_ 
of large numbers of minute granules, similar to those making up the cor- 
tical drops after the action on them of reagents. These granules become 
blue under the Berlin blue reaction and are then vot to be distinguished — 
from the granules composing the cortical drops of an earlier stage, or 
from the granules making up the blue.mass which fills the pore canals of 
the zona radiata. We thus conclude that the albumen composing the 
cortical drops is not only dissolved by the water which penetrates the 
zona radiata but that it is carried by the water into the perivitelline 
space and is retained there. It is therefore a substance that does not 
dialyze since it does not pass through the egg shell through which water 
passes readily. 

We may get additional evidence of the identity of the material of the © 
cortical drops with that in solution in the perivitelline space by the use of 
the orange stain. One sometimes gets sections passing through the 
germinal disc, the perivitelline space and the egg shell. In some such 
sections of eggs taken at the proper time the germinal disc or the adjacent — 
cortex still contains a few cortical drops. If these sections are stained 
with orange it is found that, as before, the cortical drops and the hyalo- | 
plasm of the cortex become of a yellow color. At the same time the 
precipitate in the perivitelline space is stained yellow and the material 
filling the pore canals becomes of the same color. We thus get in one 
section evidence that these substances are the same, that the albumen of 
the cortical drops is accumulated hyaloplasm, that this albumen is 
dissolved in the water of the perivitelline space and that it (or an identical 
fluid) penetrates thence into the pore canals. I have in one case seen in © 
a section of an unfertilized egg before contact with water strands extend- — 
ing from the cortical drops into the perivitelline space (Fig. 18). The | 
appearance is as though the fluid used (Hoffman’s) had partly dissolved 
the drops and as though the dissolved portions were passing in radial 
streams into the perivitelline space. Ifitis true that the hyaloplasm is” 
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identical with the cortical drops there is here afforded what is probably a 
unique opportunity to study the chemical and physiological properties of 
hyaloplasm since it may be collected, as perivitelline fluid, in considerable 
quantities, in a pure condition, from ‘the eg ges of the sucker. 

In sections also one may cet evidence of the thinning of the zona 
radiata as itis stretched to accommodate the accumulation of fluid in the 
perivitelline space. The accumulation of the protoplasm to form the 

germinal disc may aiso be followed in the sections and in other prepara- 
tions of preserved eggs, but little is thus added to what is learned from a 
study of the living egg. 

The effect of water on the freshly laid egg of the wall-eyed pike may 
thus be briefly summarized. It causes the external egg membrane to 
become adhesive, but this power is lost after a time. It penetrates the 
egg membranes and dissolves the cortical drops, usually. in the course of 
three minutes. The albumen of the cortical drops is carried by it into 
the perivitelline space an’ remains there in solution. This solution passes 
into the pore canals of the zona radiata. The water continues to accumu- 
late in the perivitelline space until the space has reached a breadth of 
about two-thirds that of the oil drop. By this process the egg membranes 
are stretched and rendered thin and tense and the whole ego becomes 
hard to the touch and elastic. At the same time there is a slight shrink- 
age of the egg body owing to the extraction of the cortical drops from the 
cortex and there isa rounding up of the egg body so that it assumes more 
nearly a spherical form. Finally the germinal disc increases in thickness 
and gradually takes on the form of the segment of a sphere with one side 
flat and the other arched. 

That the egg is a cell differing from other cells principally in containing 
a large amount of food yolk has been already pointed out, it remains to 
show as far as possible the use to the egg of the cortical drops, the 
cause of the filling, the use of the pore canals, of the zona radiata, and of 
the external egg membrane. 

After the material of the cortical drops has been dissolved in the water 
of the perivitelline space we have in that space the albuminous perivitel- 
line fluid, and it has been shown that this fluid serves to keep the egg 
membranes tense and so protects the egg, but it has not been shown how 
the fluid acts to do this. Itis a well known fact that certain membranes 
called dialyzers, allow water to pass through them and allow any crystal- 
izable substance like salt or sugar to pass through in solution in the water. 
Dialyzers do not allow most non-crystalizable substances, such for instance 
as the white of an egg to pass through them. Thus if one dilutes an, 
albumen, like the white of an egg, with water, and places it on one side of 
a dialyzing membrane and places on the other side a solution of salt in 
water, it will be found after a time that some of the water containing salt 


‘ has passed through the dialyzer into the solution of albumen, but that 


none of the albumen has passed through into the side containing the salt 
solution. The passage of water through the dialyzer in both directions 
continues until there is as much salt on one side of the membrane as on 
the other, but no albumen passes through. The rule with regard to the 
passage of water through a dialyzer is that the water passes most rapidly 
onto that side of the dialyzer on which there is the denser solution. Thus 
if there is a solution of egy albumen-on one side of a dialyzer and 
water on the other more water passes over to the side on which is the egg 
albumen than onto the opposite side, and there is an accumulation of water 
on the side on which the albumen is. . 
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This may be illustrated by the following very old experiment. Remove 
the shell from one end of an egg in sucha manner as to leave the thin 
membrane which lines the shell in place and unbroken. Make an opening 
in the opposite end of the egg through both the shell and the shell 
membranes, and insert a small glass tube which should extend down into 
the albumen. Cement the tube in place by plaster of Paris and after the 
plaster has set place the egg in a tumbler of water with the tube 
projecting upward. After a time it will be seen that the egg albumen is 
rising in the tube and it continues to rise slowly and finally overflows at 
the top of the tube. The explanation of this is that the shell membrane 
which separates the albumen from the water in the cup is.adialyzer and ~ 
since the albumen is a much denser solution than the water a much larger 
volume of water passes through the shell membrane into the egg than 
passes in the opposite direction into the cup. The result is that the 
albumen is forced up the tube and overflows at the top. The albumen 
would thus continue to rise in the tube until it had formed a column high 
enough so that its weight produced pressure enough in the egg to force 
back into the tumbler from the egg as much water as entered the egg. 
When the column has risen thus high, an equilibrium would be estab- 
lished and maintained. A similar result may be obtained in a different 
way. One may take a bladder and fill it with a solution of albumen and 
then place itin water. The water passes into the bladder morerapidly than 
it passes out and the bladder speedily becomes distended by the accumula - 
tion of water within it. This goes on until the distension of the bladder 
produces within it sufficient pressure to force out as much water as enters 
and thus as equilibrium is established and maintained. If one presses 
strongly on the bladder water is forced out in excess of that which enters 
and the bladder partly collapses, when the pressure is removed water again 
passes into the bladder more rapidly than out and the bladder is 
distended. 

The condition of thin gs in the egg of the wall-eyed pike is practically 
identical with that in the case of the bladder just referred to. The egg 
membranes form a bag the walls of which constitute a dialyzer. Within 
this bag is an albuminous fluid. The water consequently passes by 
osmosis more rapidly into the bag than out and it becomes distended. 
The albumen contained in the egg membranes always remains there. If 
any pressure is brought to bear on the egg. some of the water may be 
forced out but the albumen remains within and as soon as the pressure is 
removed the water re-enters and the egg again becomes hard and tense. 

The function of the perivitelline fluid. then is to keep the egg shell 
tense by keeping it constantly full of water. The result is that the egg is 
protected. It is difficult to injure an egg that is fully filled, while a partly | 
filled egg may be crushed or cut with the greatest ease. 

The perivitelline fluid being in the position in which it is between the 
ege which needs oxygen and the water which contains oxygen must serve 
as a carrier of oxygen (and of carbon dioxide) from one to the other. 
That it does this passively has been shown, since the egg can exist without 
the perivitelline fluid if it is supplied with plenty of water. In its work 
of transmitting oxygen from the surrounding water to the egg body (to 
the protoplasm ) the perivitelline fluid is oreatly aided by the currents — 
which are circulating in it. The existence of these currents is demon- 
strated by the movements of the granules of the fluid. They might 
perhaps be demonstrated by the use of colored liquids such as were used 
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by Calberla (’77). This exchange of gases or water between the perivi- 
telline fluid and the external water must be greatly aided by the 
enormously increased surface which the presence of the pore canals 
enables the perivitelline fluid to expose. If these canals did not exist the 
area exposed by the perivitelline fluid would be that of the inner surface of 
the zona radiata, but by the presence of the pore canals and by their spiral 
course this area is increased to many times that of the zona radiata. Not 
only is the surface thus increased but the perivitelline fluid is thus 
brought into much closer contact with the water than would otherwise be 
possible. We must of course assume that the water in its turn penetrates 
readily into the matrix between the pore canals. 

In the case of the egg in rapidly running water it may be that this 
increase of surface is not necessary and that an area equal to that of the 
zona radiata would be sufficient for their purposes. If the eggs are 
brought into unfavorable conditions, into stagnant water containing little 
oxygen, the increased surface afforded by the pore canals becomes at once 
of the greatest consequence, since it enables them to exist where they 
might otherwise perish. We may thus perhaps explain the fact that 
many fish eggs will develop normally in open dishes of water if the water 
is changed but two or three times daily. 

The external egg membrane is of different chemical composition from 
the zona radiata, and from its behavior toward water is probably a mucus. 
It serves to close the pore canals externally. It sometimes happens. in 
sections that one cuts through the egg membranes in places where the 
external membrane has been accidentally removed before or during the 
preservtion of the egg. In one such place it could be seen that the “fluid 
of the perivitelline space had escaped in considerable qantity and lay on 
the outer surface of the zona radiata. It could be traced from this place 
through the pore canals to the perivitelline space. From this we may con- 
clude that the external egg membrane serves to close the outer ends of 
the pore canals and keeps their contents from contact with the outer 
water. Itis known that mucus is a substance that resists decay or is 
unfavorable to the growth of bacteria. Thus the mucous coverings of the 
egos of frogs and toads enables those eggs to develop with safety in impure 
water. If the external egz membrane of the wall-eyed pike is, as it seems 
to be, mucous, it would serve the same purpose in warding off decay, and 
in protecting the egg against the attacks of bacteria and fungus. 


O.— HISTORICAL AND ORITICAL ON FILLING OF THE EGG. 


The process of filling of the eggs of bony fishes is so striking a phe- 
nomenon, changing the soft egg to an elastic and resistent sphere, that it 
can scarcely have failed to attract the attention of the earliest observers of 
these eggs. 

Rathke (32) has given the first account of it that I have been able to find 
in the literature. He mentions (p. 394) the fact that in trout upon, plac- 


_Ing the egg in water, the yolk draws itself together into a sphere and is 


separated from the shell over most of its surface by a fluid clear as water. 

Von Baer (735), three years later, in Cyprinus describes the increase in 
size of the egg (to twice its former size) as due to the swelling in water of 
a thin albuminous layer (zona radiata) which covers it when laid. The 
surface of this swollen albumen then hardens to form the egg shell (zona 
radiata), while its-deeper portions become fluid (perivitelline space). 


cy 
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Von Baer was here evidently unconsciously ~ attempting to recone his “i 


observation with what was then known of the matter in the frog. 


Rusconi (36) gives the first clear account of what takes “place. in 


Perca and Cyprinus he describes a thin membrane which lies close against 


the egg while the latter is in the ovary. When the egg passes into the 


water this membrane is raised up from the yolk by the accumulation of 
water beneath it, so that the egg is able to turn about inside its shell. 
Vogt (42) describes the filling of the egg of the Huropean whitefish 
(Coregonus paleew). He considered the privitelline fluid to be water sim- 
ply, since he was not able to cause any precipitate in it by chemical rea- 


gents, and since it behaved like water in coagulating the yolk. He thought — | 


its penetration into the egg was to be explained by the capillary action of 


the tubes (pore canals) of the zona radiata. Itis to be noticed here that 
while the capillary action of the pore canals might cause the water to fill — 


the canals and to fill asmall space between the zona radiata and the cortex, 
it is difficult to understand how it could do more than this, since after a 
small amount of water was once in the perivitelline space the capillary 


action of the pore canals would be exerted as much in one direction as in © 
the other and would tend as much to empty the perivitelline space as to 


fill it. 


Costé (47), following von’ Bear, speaks of the perivitelline fluid as 


albumen, while 


Lereboullet (’54) considers it to be water and states that it is not 


albumen. 
Reichert, B. K. (56) noted the formation of the perivitelline space in 


the pike ( Esow) and added the important observation that the fluid yielded 
a precipitate upon the addition to it of nitric acid. This is the first proof 


that the perivitelline fluid is not water. : 

Ransom (’66) gives the first description of the cortical drops. He 
describes them as droplets of a yellowish color and less refractive than oil. 
placed near the surface of the egg, and says that ene render the unim- 
pregnated egy more opaque than the impregnated egg. When discharged 
into the water by the rupture of the egg they bane pale and disappear. 
Ransom also describes the disappearance of the cortical drops when water 
is added to the egg and the formation at the same time of the perivitelline 
space (breathing chamber). He thinks the formation of the breathing 
chamber is due in part to the contraction of the yolk, and that the disap- 
pearance of the cortical drops is due to the action of water, since they 
disappear first where water first comes in contact with them and disappear 
more slowly in eggs that are scantily supplied with water. Ranson notes 
further that the eggs of Gasterosteus do now fill under the action of water 
alone but only when milt is added to the water. The meaning of this 


probably is, as pointed out by Ransom and later by Kupffer, that the 


external egg membrane in this form protects the egg against the action of 
water, but that this membrane is dissolved or modified. by the addition of 
milt tp the water in such a way that it becomes permeable. 

Boeck (’71) seems, according to Kupffer’s account, to have seen and 
described the cortical drops. 


Owsiannikow (’72) noted the filling of the ege of Coregonus lavaretus. — 


Oellacher (72) describes the filling of the egg of the trout and 
attributes it to the passage of water through the pore canals. 


His (73) in the salmon (Lachs) describes i in the cortical layer certain | ae 


bodies which he believes to be ue but which are:later described by 
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Henneguy (’88) as vacuoles filled with an albuminous fluid, and are there- 
fore the cortical drops. He considered the perivitelline fluid to be water. 

Kupffer (77) describes the surface drops in the herring under the name 
of Dotterkoerner or yolk granules, as small, very refractive, glistening, 
homogeneous spherules forming a layer on the surface of the yolk. When 
the perivitelline space is formed these spherules disappear, and Kupffer 
says that he is unable to describe this disappearance otherwise than as 
solution. 

At the same time that the perivitelline space forms the yolk contracts or 
grows smaller as Kupffer shows by measurements. From the fact that 
the yolk thus contracts, and from the fact that Reichert had previously 
obtained a precipitate in the perivitelline fluid by the use of nitric acid, 
Kupffer concludes that some part of the yolk substance is discharged into 
the perivitelline space. Most later writers (e. g., Hoffmann) have taken 
this to mean that Kupffer believed that the surface drops dissolved. It is 
clear from what Kupffer says later that this is not what he has in mind. 
He describes a great increase in the hyaline portion of the yolk, and says 
that this increase takes place without any increase in the volume of the 
yolk. He believes that the yolk granules (cortical drops) are converted 
under action of the milt and water into this hyaline material, and it is 
this conversion that he cannot describe otherwise than as _ solution. 
Kupffer thus does not recognize any connection between the perivitelline 
fluid and the cortical drops, and offers no explanation of the filling of the 
ege. He believes that the composition of the perivitelline fluid is altered 
about the tenth hour by the dissolving in it of spermatozoa that have 
penetrated the egg membranes. 

Kupffer refers to Boeck’s statement that the eggs of the herring fill in 
4% salt water without the addition of milt, but says that the eggs exam- 
ined by him did not fill in fresh water or in .38% salt water, but did fill in 
3% salt water upon the addition of milt. Kupffer is unable to explain 
this difference between his own experiment and Boeck’s. The explanation 
may be as follows:— 

The cortical drops are soluble in 4% salt water hence the egg fills in 
such water. They are not soluble in fresh water or in 3% salt water, 
hence the egg does.not fill in these. By adding to the .3% salt water mill, 
the water is rendered alkaline, the drops are then soluble in it and the 
ege fills. The addition of milt to fresh water does not render it a solvent 
of the drops and hence the egg does not fillin it. It may be, as Kupffer 
suggests, that the water used by Boeck in his experiment actually contained 
milt. In either case it seems to me the explanation depends rather upon 
the solution of the surface drops than on the rendering permeable of a 
previously impervious membrane. 

Ryder (81) in the Spanish mackerel notes the existence of the 
cortical drops and their disappearance and considers them to be fluid-filled 
vacuoles. He notes them again (’81b) in Belone and thinks they may 
represent the disintegrated nucleus, but is inclined to doubt this from the 
fact that they do not stain. 

Hoffmann (82) mentions the cortical drops described by Kupffer in the 
herring and describes the perivitelline space in a number of other forms. 
He does not believe that the cortical drops dissolve but with the concentra- 
tion of the protoplasm at the germinal pole they come to lie so close 
together that their borders fuse and ‘they are no longer to be distinguished. 

Ryder (82) attributes the imbibition of water in the cod’s egg to 
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osmotic action. “The tendency of the membrane to assume the full or 
tense condition is doubtless due to capillary action of the pore canals.” — 
He notes the presence of cortical drops in the cod and describes them as 
running together and subsequently disappearing. He thinks they may be 
discharged into the perivitelline space but*cannot prove this. He removed 
portions of the cortex and stained them and from the fact that the drops 
did not stain concluded that they were composed of some indifferent 
liquid, but not of oil since they were insoluble in alcohol or ether. Later - 
(°83) he describes the perivitelline fluid of Ameiurus albidus as filled 
with numerous, free, highly refractive bodies which obscure the view of the 
embryo, but disappear in later stages. 

Still later (’85) he describes cortical drops in the shad (Clupea 
sapidissima). 

Owsiannikow (’85) notes the filling in Osmerus and seems to have seen 
surface drops in other forms. 

Kowalewski (’86) describes the filling in two Teleosts and speaks of a 
thinning of the shell. ? 

Solger (86) found that the perivitelline fluid in Leuciscus rutilus 
behaved like yolk in rendering water turbid. By fixing it with osmic acid 
and examining it with the microscope he discovered in it numerous 
globular bodies which he believes to be identical with yolk elements. He 
regards these as normal and not accidental constituents of the perivitelline 
fluid, and notes that in later stages this fluid looses its power of rendering 
water turbid. 

List (87) notes the filling in Crentlabrus and is inclined to regard the 
perivitelline fluid as expelled from the yolk by its contraction. It is 
formed in both fertilized and unfertilized eggs. 

Henneguy (’88) notes the filling of the egg and calls attention to the 
fact that Miescher proved the absorption of water by weighing the egg 
before and after the filling. Henneguy describes the bodies that were 
considered by His to be nuclei, as vacuoles filled with an albuminous 
substance. They are therefore the cortical drops. 

Raffaele (’88) is known to me only from the abstracts in the Zoologische 
Jahresbericht and in the Journal of the Royal Microscopical Society and 
the references in the paper of McIntosh and Prince (’90). He studied a 
large number of pelagic ova and states that the perivitelline fluid is 
albuminous. He* thinks that the food yolk formerly entirely filled 
the egg membrane and that it subsequently became reduced in 
quantity and gave rise to the perivitelline space, which has thus only a 
phylogenetic significance. It seems to me that there are numerous diffi- 
culties in the way of attributing to the perivitelline space any phylo- — 
genetic meaning. Beard (’90) has already given cogent reasons for 
believing the loss and gain of yolk food which has been postulated for the 
fishes by Rabl and others is, to say the least, not borne out by the facts of 
comparative anatomy and embryology. The arrangement of the fishes 
proposed by Beard is one not requiring any theory of a reduction in the 
food yolk of Teleosts. If this is true no morphologist would care to base 
the assumption of a loss of food yolk in Teleosts merely on the existence 
of a perivitelline space. Not only does the size of the space vary greatly 
among Teleosts, but its existence is by no means confined to that group. 
It occurs in Cyclostomes and Ganoids and Amphibia, and is a well known 
feature in many invertebrates (e. g., Lumbricus, Ascaris). If it has 
phylogenetic significance in the one case why not in the others? It seems 
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to me that it is to be regarded rather as a contrivance for the protection of 
the egg and embryo, an adaptation that may have arisen independently in 
separate groups, and is wholly without phylogenetic meaning. As Ryder 
has pointed out it affords a medium like the amniotic fluid of vertebrates 
in which the embryo lives protected from mechanical injury by the tension 
of the egg shell which is produced through osmosis by the albuminous 
character of the medium. 

Pouchet et Bietrix (’89). In Alosa (shad) describe the cortical drops 
and their disappearance under the action of water either with or without 
fertilization. 

Agassiz and Whitman (’89) in Ctenolabrus describe the cortical drops 
as minute refractive spheres on the surface of the yolk. They render the 
yolk opaque but disappear with astonishing rapidity under the action of 
water and the egg is then transparent. In some instances the fertilized 
eggs cleared up within five seconds. ‘They believe that the. granules 
(cortical drops) swell a little and dissolve in situ. They do not believe 
Ay they are discharged into the perivitelline space as conjectured by 

yder. 

McIntosh and Prince (’90) do not believe that much water gains access 
to the perivitelline space. They find that in stained sections “the fluid 
filling the space often appears coagulated and faintly stained, thus 
indicating the presence of minute protoplasmic particles. It would 
appear to be therefore a dilute plasma.” They describe the cortical drops 
and their disappearance under the action of water, but regard the forma- 
tion of the perivitelline space as due largely or wholly to the shrinkage of 
the yolk. 

D.—CONCLUSIONS. 


It appears from the foregoing review that the cortical drops 
have been many times described in a variety of Teleosts, and that 
their disappearance under the action of water has been often noted. ‘The 
perivitelline fluid has been usually considered as water, though it’ was 
shown by Reichert to contain solids in solution and has been in recent 
years not infrequently regarded as albuminous. Unless some proof of its 
albuminous nature was given by Raffaele, the statement still rests on the 
observation of Reichert, which referred to the formation of a precipitate 
by means of nitric acid. No proof has been offered as to what becomes 
of the cortical drops when they disappear under the action of water, nor 
has any proof been offered of the cause of the filling of the egg or the 
function of the cortical drops. 

The review of the literature shows that the phenomenon of filling and 
the presence of cortical drops and their disappearance under the action of 
water are universal facts among Teleosts, so that we may safely extend the 
explanation offered of the phenomena in the wall-eyed pike to all other 
Teleosts. We may say that in all Teleosts the cause of the filling of the 
egg is the albuminous cortical drops, that these drops dissolve in the first 
water which penetrates the egg shell (if the water is of the composition 
suited to the needs of the egg) and that there is thus produced a slight 
shrinkage of the egg body and at the same time a small perivitelline space 
filled with an albuminous fluid. This space then rapidly enlarges owing 
to osmotic action through the egg membranes. ‘The egg membranes are 
thus stretched and rendered thinner and tense, so that they afford protec- 
tion to the egg within. 
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It is most likely that the statements made with regard to the structure 
of the zona radiata in the wall-eyed pike apply equally to all Teleosts, but 
there is no means of determining this except by. direct observation. 

It is likely, too, that the account here given of the filling of the egg and | 
the function of the cortical drops and the perivitelline fluid, is applicable — 
to many invertebrate eggs. I will mention in support of this only the | 


account given by Boveri (’87) of the contraction of the yolk and forma- — | 


tion of the space in Ascari ws megalocephalia. Other instances are cited by 
Solger (786). | 


PART IIT, 
THE SPERMATOZOA. 


A.—THE COMPOSITION OF THE MILT. 


The milt of the wall-eyed pike is of the usual milk white color. It is 
scanty and viscous, so that when placed in water it does not mix with it, 
except by considerable agitation. It has a distinct and rather pronounced 
alkaline reaction. This reaction may be detected with ordinary litmus 
_ after the lapse of several hours in water which contains only enough milt 

to render it slightly turbid. | 

When examined under the microscope the milt (like that of all other 
Teleosts) is found to be made up of a large number of spermatozoa, moist- 
ened by a small quantity of a colorless flnid.* 

The individual spermatozoa are so closely packed that they are in con- 
tact with one another and are nearly motionless. There is certainly noth- 
ing like progressive movement, although it is possible to detect a slight 
rolling movement of the heads, which may be physical. : 

Each spermatozoén (Fig. 17) consists, as is usual, of three portions, 
head (hd.), neck (nk.), and tail (tl.). The head is bean shaped about 
twice as long as broad and with a distinct notch on one side. It is diffi- 
cult to measure it exaetly in the living milt, but it is-very nearly .0016mm. 
long and, as stated, half as broad. 

The neck is hemispherical and has a diameter not more than one-fourth 
the length of the head. It is less refractive than the head and is difficult 
to see. It is attached by its flat side to that side of the head on which 
the notch is,about half way between the middle of the head and the end. 
From the middle of the convex side of the neck projects the very delicate — 
tail. The tail is as slender as it seems possible for a thread of protoplasm 
tobe. Its length is many times that of the head, but is difficult to deter- 
mine accurately. I have examined the spermatozoa of the whitefish and 
of the sucker, and have tried to verify on the whitefish the statements of | 
Miescher (’ 80) with regard to the structure of the head of the spermato-— 
zoa of the Rhine salmon. I have not succeeded, although using the same 
methods as Miescher, in demonstrating any structure in the head of the 
spermatozoon. Whatever method of staining was employed, the head 
appeared always homogeneous. 

Spermatozoa are single cells, as has been shown repeatedly by their 


* Miescher found this fluid i in the salmon to contain no albumen and principally i inorganic salts, _ CHer- 
mann, Handbuch der Physiologie.) . 
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development. The head corresponds to the nucleus of an ordinary cell 
and the tail to a part of the cell protoplasm. The head may contain some- 
thing more than the nucleus and the meaning of the neck piece is obscure. 
The extremely small size of the spermatozodn is to be explained as an 
adaptation to the work it has to do. The ovum is large and unwieldy by 
reason of the food material with which it is laden for the nourishment of . 
the young fish. The ovum and spermatozo6n must unite in order to pro- 
duce a new fish, and since the ovum is incapable of movement, the sperma- 
tozoon must go to it. The spermatozoén therefore takes on the form that 
‘best adapts it for moving through the water. Its nucleus is reduced to a 
very small compass and becomes the head. To this head is attached only 
so much protoplasm, in the form of a vibrating tail, as is necessary to 
move the head. 


B.—BEHAVIOUR OF SPERMATOZOA IN WATER. 


It has been said that in the milt as it leaves the fish the 
spermatozoa are nearly or quite motionless, The moment the milt comes 
into contact with water, they exhibit the liveliest movements. In order to 
observe the movements and the length of time during which they last the 

following procedure may be resorted to. The body of the fish should be first 
wiped with a towel more particularly aboutthe vent, so as to remove as much 
as possible of the water and slime and prevent its becoming mixed with the 
milt. The milt should then be stripped from the fish into a small glass 
dish (solid watch glass) with a close fitting cover or into a homeopathic 
vial which should be afterwards tightly corked. The miltshould be carefully 
protected from contact with water but, if it is desired to keep it alive for a 
long time, the vessel containing it should be set into a dish of cold water 
or onto a block of ice. A slide and cover glass should be made ready and 
a drop of water placed on the slide. Then with any small instrument such 
as the end of a glass rod or the point of a tooth pick remove a very small 
quantity of the milt from the bottle and mix it as rapidly as possible with 
the water by stirring it about, and at the same time make note of the time 
when the milt first touched the water. Apply the cover glass and place 
the preparation under the microscope as quickly as possible. 

The spermatozoa will now be found undergoing the most vigorous move- 
ments. They dart here and there with such rapidity that it is at first 
hard to follow them. At first only the heads can be seen, the tails are 
moving so rapidly that they are invisible. T’he movements soon become 
slower and then one can see that they are caused by the tails which are 
moving back and forth in a sinuous course not unlike the movements of 
the body of a water snake when it is swimming. At the end of forty-five 
seconds nearly all the spermatozoa have become motionless, only here and 
there may be seen an oscillating head or a moving tail, while occasionally 
a spermatazoén moves rapidly across the field of the microscope and 
stops. At the end of a minute all signs of life have usually disappeared 
and the spermatozoa lie as if dead. 

I did not detect and indeed did not look for any difference in these 
spermatozoa before and after the action of the water on them. In 
examining the spermatozoa of one of the suckers common in Saginaw Bay 
in May, the water was found to produce such striking changes that they 
could not fail to attract attention. Like spermatozoa of the wall-eyed 
pike those of the sucker become motionless after a stay of a few seconds 
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in water (the exact time was not determined). As they come from the 
fish the very large heads of these spermatozoa have the form of a short rod 
with rounded ends. They are almost egg-shaped but rather more slender 
than an egg. They have the dense appearance and refractive properties 
common to the heads of spermatozoa. When they have been a short time 
in water the heads begin to swell and become paler. They become at first 
egg-shaped and finally almost globular, and the spermatozoa become at 
the same time motionless. If one places a drop of the milt on a slide and 
covers it so that the drop lies at the center of the cover glass and then 
adds water about the edge of the cover, one may watch the gradual 
penetration of the water into the milt and see its effect on the spermatozoa. 
One then has in the same field spermatozoa in all stages of water 
imbibition and may compare them. As the water reaches a spermatazoén 
it is seen to start up more vigorously for a few seconds, gradually swell up 
and then subside. It would be interesting to know whether the sper- 
matozoa thus swollen by the action of the water are capable of entering 
the micropyle of the egg. If the spermatozoa of the sucker are of such a 
size as to be only just able to enter the micropyle before water has acted 
upon them, they would be wholly unable to do so afterward and it is 
possible that the swelling prevents the entrance into the egg of more than 
a single spermatozoOn. By the time the first spermatozoén had made its 
way into the micropyle the others would probably be so much enlarged 
that they would be unable to pass through the micropylar canal, even 
although still in motion. 

The spermatozoa of the wall-eyed pike are thus motionless af the end of 
three quarters of a minute to one minute, but are they then dead? 
Probably the best test that can be made of this question is to attempt to 
fertilize eggs with milt that has been mixed for a certain length of time 
with water. In order to test this four lots of eggs of the wall-eyed pike, 
each containing twenty-five eggs were fertilized as follows: 

To lot 1 was added milt that had been 10 seconds in water. 
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At the end of four hours the eggs were segmenting and were then 
counted to determine how many in each lot had been fertilized. The 
result was as follows: 


Per cent of 
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unfertilized. 
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The eggs were arranged for the experiment in rows in a watch glass, as 
already described. In order to do this it was necessary to handle each 
egg separately, which accounts for the considerable number of injured 
_ eggs. ‘The table shows a steady increase in the percentage of unfertilized 
eggs, as the length of time increases during which the spermatozoa have 
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been subjected to the action of the water. Omitting the injured eggs, 
which cannot be counted in the experiment, the fourth column shows the 
percentage of uninjured eggs that were unfertilized. There is little differ- 
ence between ten seconds and thirty seconds, but at one minute the effect 
of the water is already noticeable, and at two minutes not a single egg is 
fertilized. Other experiments of the same sort gave similar results, and 
the conclusion that the effect of the water is not merely to render the 
spermatozoa motionless, but to render them incapable of fertilization. 

The milt of the whitefish was also studied and found to be killed by the 
action of water. The time here was found to be two minutes. The eggs 
of the whitefish develop so slowly that it was not found practicable to 
repeat the experiment in fertilization that had been made withthe wall- 
eyed pike. It is possible to criticise this and similar experiments by say- 
ing that the fact that the spermatozoa that have lain in water are incapa- 
ble of fertilizing eggs does not prove that they are dead. It may be that 
their condition of immobility prevents their entering the micropyle, 
whereas if they could be brought into contact with the egg they might 
still be capable of fertilizing it. It may be said that the spermatozoa are 
rendered motionless, but not necessarily dead, in order to prevent more 
than one of them from entering the egg. An attempt was therefore made 
to determine by means of the methylen blue reaction whether the motion- 
less spermatozoa were really dead. Living spermatozoa were treated with 
solutions of methylen blue .001 to .0001 in .75% salt solution. In this 
stain the spermatozoa live and move for a time varying between ten sec- 
onds and two and a half minutes. They donot stain at all or only very 
slightly so long as they are in motion, but become deeply stained the 
moment they are dead. It is known that this stain does not ordinarily 
affect living nuclei, but that it stains deeply dead nuclei, so that the fact 
that the heads of spermatozoa stain instantly in methylen blue may be taken 
as evidence that the spermatozoa are dead. If they stain very slowly they 
are probably living, though possibly not inmotion. A comparison was then 
made between the rapidity of staining in methylen blue of spermatozoa that 
had ceased to move on account of the action of water and of those that 
had been killed by the use of heat, or osmic acid or by other means. No 
difference could be made out between spermatozoa that were known to be 
dead and those that were motionless from the action of water and it was 
concluded that the water kills the spermatozoa. 

Although the spermatozoa of the wall-eyed pike and of the whitefish 
thus die rapidly in water, they nevertheless live for a considerable time in 
some other fluids. In salt solution of .75% the spermatozoa of the white- 
fish may live for twenty-two minutes or longer, while those of the wall-eyed 
pike remain active for about a half hour, and individual spermatozoa may 
sometimes be seen moving at the end of an hour. Thisstrength of salt 
solution is the one employed by histologists when they wish to keep tis- 
sues alive for a long time and is made in imitation of the natural fluid of 
the body, so that it is not surprising that the spermatozoa should live 
in it. 

The fluid which bathes the eggs when they are laid is one in which the 
spermatozoa live well. Spermatozoa of the wall-eyed pike mixed with 
this fluid were found to be still in motion after one-hour and thirty-five 
minutes. When the cover glass was raised and water added to the prepar- 
ation, vigorous movements were set up and lasted for forty-five seconds. 
These movements were almost as vigorous as those obtained by mixing the 
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‘milt directly with water, but were not quite so general. This fact is one | ie 


that may be of some importance i in practical fish culture. 
In attempting to determine under the microscope the length of time 
during which spermatozoa continue to move in the water, care must be 


taken not to confound the vital movements of the spermatozoa with the _ 


Brownian movement. This error, as pointed out by Quatrefages, was 
made by the older observers before the Brownian movement was known. 
It is now well known that minute particles of any solid suspended in © 
water undergo constant trembling movements which are visible under the 


microscope. This may be seen by rubbing up carmine, fat or — ; 


lampblack in water. This movement is wholly physical and is exhibited 
by the heads of dead spermatozoa. 


C.— HISTORICAL AND CRITICAL ACCOUNT OF THE VITALITY OF FISH 
SPERMATOZOA. 


The facts just recorded that spermatozoa become speedily motionless in — 
water and that such motionless spermatozoa are not then capable of fertil- 
izing eges, were known to observers in the middle of the present century. 

They are therefore not presented here as new facts, but for the reason, 
as it seems to me, that they have not been sufficiently brought to the 
notice of fish culturists in this country. The limit of life of the sperma- 
tozoa of the two species that are most largely handled in our fresh waters 
has not, so far as | know, been previously determined, and its extreme 
shortness needs to be thoroughly realized. 

Although it was known that the spermatozoa of fresh water fishes 
become motionless in water and are then incapable of fertilizing the eggs, 
no careful work was done on the subject until 1853, when Quatrefages was 
led to investigate it in the interest of fish culture. 

Costé (59) states that he had found it impossible to fertilize the eggs | 
of the trout with milt that had been eight minutes in water, and he 
further states that the spermatozoa of the perch and carp and of Cyprinus 
and Leuciscus live only two or three minutes in water. These facts are 
recorded, but it does not appear whether those relating to the perch, carp, 
Leuciscus and Cyprinus are the results of the work of Quatrefages or not. 
The time of eight minutes obtained on the trout is undoubtedly eight times 
too large and probably resulted from an imperfect mixture of the milt with 
the water. 

Quatrefages (53) was the first person to determine accurately the 
the length of life in water of the spermatozoa of fresh water fishes. The 
results of his work were of the greatest importance and have not been since 
materially modified, so that I here give a somewhat full resumé of them. 

The experiments were made on the milt of the pike (H'soxv) Leuciscus, 
the carp, the perch and Cyprinus and gave the following times at the end 
of which the spermatozoa were all dead in water in the milt of the species 
named. 

Pike, 8 m., 10 sec. 

Leuciscas, 3 m., 10 sec. 

_ Carp, 3 am 10 sec. 

Perch, 2 m., 40 sec. 

bs 2 m., 10 sec. 

The time eiven is the longest time during which any spermatozoén was 
found to be living. Half the spermatozoa of the pike were dead at the 
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end of 2m, 2sec., and at the end of 2m. in Leuciscus. In the carp two- 
thirds were dead at the end of 2m. Im the perch and in Cyprinus 1 m. 
was sufficient for half the spermatozoa to become motionless. 

The time given is only accurate where the milt is mixed thoroughly with 
the water so that the water has free access to each spermatozoén. If the 
milt is placed in water and allowed to remain in masses of any size, 
spermatozoa may remain alive in the center of these masses for a long 
time and the milt may thus serve for fertilizing eggs eight minutes after 
being placed in water, as found by Costé, or even longer. 

Quatrefages found further that the temperature of the water used had 
an important influence. on the length of life of the spermatozoa. There 
“was a certain temperature at which the spermatozoa of each species 
remained in motion longest. Thus for the pike, the spermatozoa were 
motionless at 

2° after 8 m., 10 sec. 
2.8° after 5 m. 

10.5° after 4 m., 55 sec. 
22° after 1 m., 20 sec. 
28° after 3 m., 20 sec. 
38° almost instantly. 

For the carp at 

12° after 3 m. 
18° after 2 m., 30 sec. 
25° after 2 m., 20 sec. 
40° after 20 sec. 
65° instantaneously. ‘ 
At lower temperatures in the carp the following results were obtained: 
9.50° in 10 sec. 4-5 of the spermatozoa were motionless. 
8° in 10 sec 19-20 of the spermatozoa were motionless. 
2° in 10 see. nearly all the spermatozoa were motionless. 
0° there was no movement. 

The other species gave similar results, showing that a certain 
temperature is necessary for each species and that any considerable 
departure from this temperature shortens the life of the spermatozoa. 
The temperature is moreover very different for different species, so 
that water in which the spermatozoa of the pike live longest renders the 
spermatozoa of the carp almost instantly motionless. 

Quatrefages found that the milt of fish might be kept in good con- 
dition and capable of fertilizing ova, if preserved from contact with 
water. Thus milt taken in the evening from a pike killed in the morning 
contained very active spermatozoa. He found, moreover, that the sper- 
matozoa still in the tests preserved their vitality for twenty-four to 
thirty-six hours longer than those in the milt. The spermatozoa retained 
their vitality in the dead fish longer if the fish was kept at a low tempera- 
ture, and the best results were obtained when the tests were removed 
from the fish and placed on ice. They may be even frozen into a block of 
ice without apparently suffering any loss of vitality. Quatrefages then 
draws the following conclusions from his observations. 

1. “From a large number of experiments which I am unable even to 
mention it results that with certain fish, a variation of four or five degrees 
above or below a fixed temperature is sufficient to shorten by more than 
half the life, already so short, of the spermatozoa. We can understand 
therefore, how the period of spawning in these Puech may vary notably 
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from one locality to another, contrary to what is observed not only among. ie 
warm blooded animals, but also among the greater number of cold 


blooded animals. We can understand also how the spawning may be 


hastened, retarded, or even suspended during several days, to recommence ~ 
afterwards, as I have been able to determine this very year for the perch > 


and Leuciscus. In these species the acts related to reproduction are ~ 


immediately dependent on certain-climatological phenomena.” 
2. “The extreme shortness of the life “of. the spermatozoa and the 


influence which the temperature exerts upon them are certainly to be 


numbered among the causes which most efficiently hinder the crossing of 


species and the production of hybrids among fishes. Impelled by instinct _ 


the males deposite their milt almost in contact with the eges laid by their 
females and the spermatozoa have not time to travel even to very short 
distances to fecundate other eggs than those to which they are destined.” 
3. “We have seen that the maximum of vitality presented by the sper- 
matozoa of the pike is more than double the maxima found in the carp 
and perch, and about four times as great as the maxima of the spermatozoa 
of Cyprinus. The latter spawing at very variable temperatures, and 
being able consequently to encroach upon the time of spawning of a 
certain number of species, a very short existence of its spermatozoa was 
therefore the more necessary as a guarantee against possible crossing. 


Among carp and perch which spawn in bands and assemble sometimes to 


the number of several thousands upon.a single spawning ground, fecunda- 
tion is always almost assured by the very fact of this assembling and the 
short duration of the life of the spermatozoa would present only advantages 
without having any inconvenience. It could not have been the same with 
the pike, which, like all fierce animals live in isolation, and spawn, so to 
speak, as M. Millet assures me, in pairs. It is necessary here that the milt 
ejaculated by a single male, and alwavs in small quantity, should have 
time to act upon the eggs and this end is attained by much greater © 
persistence of the vitality of the spermatozoa.” | 

5. “It has been heretofore quite difficult to find a reason for the instinct — 
which urges certain fish, the trout and the salmon for instance, to ascend — 
rivers, to sometimes enter trenches where they find scarcely the amount of 
water necessary for their movements, and also to explain the preference for 
certain water courses or for certain points on the same river. Usually it 
has not been possible to cite as a cause the chemical composition of the 
waters. In regions entirely granitic or schistose, this composition could 
scarcely vary for the sources coming from the same mountain, and in any 
ease it should remain the same for the same water course examined at 
certain distances. } 

“Fishermen, however, know very well the bottom that serves every year 
for the spawning of the fish. They know equally well that some neigh. 
boring bottom placed apparently in identical conditions never receives the | 


visit of spawning fish. All these facts are readily explained by the 


influence of temperature. If winter fish ascend the rivers and stop at a 
certain distance from their sources, it is to find a water the temperature 
of which shall be exactly that which the fecundation and development of — 
the eggs renders necessary. At the mouth the temperature would be too 

high, at a distance perhaps more remote the liquid would be too cold, It 
is between these two points that the fish of which we speak must find a 


suitable degree (of temperature) and they ascend until they have : 


encountered it.” | 
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- Kélliker (55) confirmed the observations of Quatrefages as to the 
‘injurious effects of water, and called attention to the fact previously noted 
by Dujardin that the heads of the spermatozoa swell in water.’ 

Other writers seem to have given only incidental attention to the sper- 
matozoa of Teleosts until we come to Hennequy (77). He repeated the 
experiments of Quatrefages and found that the spermatozoa of the trout 
continued in motion for thirty seconds. The temperature is not stated. 
The time, it will be noted, is only one-sixteenth that given by Costé, but 
might have been longer at a different temperature. Henneguy tested the 
power of the milt to fertilize eggs and found that not a single ege could 
be fertilized with milt that had been for one minute in contact with water. 

After fifteen seconds in water the movements of all spermatozoa are 
slowed while some are motionless. Out of sixty eggs fertilized with this 
milt forty-six hatched. He kept milt for four days in a flask at 10.15° C. 
and at the end of the time found the movements of the spermatozoa when 
mixed with water, normal. Forty eggs were fertilized with this milt and 
thirty-two hatched. Henneguy and Kolliker tried other experiments by 
mixing various drugs with the water containing the spermatozoa but these 
do not concern us here. 

The observations above recorded of Costé, Quatrefages and Kolliker and 
Henneguy all refer to species of fish spawning in fresh water. 

On the other hand the observations of Ransom (’66, p. 460) on the 
stickleback (Gasterosteus leiurus) indicate a much longer life of the 
spermatozoa in fresh water. In one place he speaks of the spermatozoa as 
moving at the end of seventeen minutes but motionless at twenty minutes 
and in another place says “The spermatozoa were seen actively moving 
during the twenty-five minutes I watched.” In view of the uniform 
results obtained by observers who have given attention particularly to this 
point these isolated observations of Ransom require confirmation. He 
worked with a power of only one hundred diameters and may have mis- 
taken other movements for vital ones. 

Kupffer (77) describes:moving spermatozoa in the perivitelline space 
nine hours after fertilization. 

1 have found no observations particularly directed toward this point in 
those species that spawn in salt water. Casual references to the subject 
‘by observers working at other points are likely to be of little value 
_ owing to the lability to the error of confusing the Brownian or other 
physical movement with vital movements. Only those observations should 
be accepted that show that the spermatozoa called living are capable of 
fertilizing the eggs, and I know of no observations of this sort on species 
spawning in salt water. 

Aloffmann (82) speaks of the spermatozoa of Scorpaena as dying very 
quickly in sea water and as not showing movements after thirty minutes. 

Hensen (83) says that the milt of the cod placed in water having a 
saltiness of 1.9% immediately showed very lively motions lasting as long 
as.one and one-half hours, and adds: “I have certainly seen a spermatozo6n 
(in the micropyle of an egg which had probably been impregnated) in 
‘motion for that length of time.” ¥ 

It is certainly true that the spermatozoa of all Teleosts observed live’ 
but a short time in fresh water. The explanation offered by Quatrefages 
is very likely the true one. The death of the spermatozo6n is a con- 
trivance, probably only one of several, for preventing hybrid fertilization. 
That it is possible to fertilize the eggs ‘of one species of fish with the milt 
of another*and thus obtain hybrids has been proved by numerous trials 
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I need. only mention here the case cited by Ryder (85, p. 503) of 


“specimens in my possession of young striped bass helene” from ova. 


fertilized with the milt of the white perch (Roccus Americanus).” And 


the further remarkable case cited in the same place of a hybrid between 
the shad and the white bass, two widely separated forms. 

If then the spermatozoa ‘of fish were capable of living for even a few 
Aes | in water and of moving about, an opportunity would be afforded for 
their coming upon eggs of other species and fertilizing them. If on the 
other hand the spermatozoa die in water within one or two minutes, it 
would practically never happen that they would reach eggs other tham 
those for which they were intended. 


Wherever the act of spawning has been observed among fish it has been © 


found that the male and female go together and that the spawn and milt. 


~ are either ejected into the water at the same time or the milt is ejected 


over the spawn immediately after it is laid. 

Von Baer (’35) gives an account of the spawning of Cyprinus blicca. 
“The fish go in herds and each spawner is surrounded by a number of 
milters. They strike violently against one another and at the same time 
turn their belJies toward one another. This is probably the time when 
a part of the spawn escapes. Often one sees a male so eager in the pursuit 
of a female that when she is closely surrounded by other males, he rushes 
over all of them and is raised up with half his body out of the water.” 
Von Baer also quotes Argillander as giving an account of the spawning 
of the pike and W. Grant as giving an account of the spawning of the 
salmon. In both cases the male and female fish are described as lying 
close together ina previously prepared nest and going through movements. 
calculated to bring their bellies together and to expel the eggs. 


Rusconi (736, b.) gives an account of the spawning of Cyprinus gobio,. 


in which the fish are described as passing for two or three feet up the 
mouth of a brook, males and females together and lying on the bottom 
with their backs out of the water. In this position they curved their 
bodies and swept their tails back and forth, and remained thus seven or 


eight seconds. At the end of this time each gave the bottom a violent 


blow with the tail so that the water spurted out on all sides and then 
turned and returned to the lake. Examining the place Rusconi found 
spawn. He did not observe that the fish paired but only that males and 
females were together. 

Vogt (42, p. 16) says of the European whitefish (Coregonus paleae)}: 
“Tt is known that the paleé always spawn in pairs and that they announce: 
their presence to the fishermen by leaping above the surface of the water 
one against another. It is at this moment that fecundation is effected by 
the simultaneous ejaculation of eggs and milt. 

Cosié (59) gives an account of the nesting habits of the stick le been! 
and relates how the male when he has prepared the nest leads the female 
to it. When she has deposited her eggs the male follows immediately and 
ejects the milt upon them. Should the female be slow in leaving the nest,. 
he drives her out in order to get access to the eggs. 


Milner (78) gives an account of the spawning of whitefish in the 


Detroit river as follows: ‘‘ Driven by the persistent attention of the male 


the female rose vertically, he following and she making a convulsive effort 


to escape, the water being from three to ten feet deep, they threw them- 


selves together above the surface, and the spawn and milt were emitted at. 


the time when from their position their vents were approximated. - 
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From these accounts, and I have no doubt the literature contains many 
more, it is clear that the bringing together of the ova and spermatozoa of 
Teleosts is by no means a matter of chance in fresh water. The fact that 
the eggs are laid in the presence of the male (and probably only then) 
insures their speedy contact with the spermatozoa. The short life of the 
spermatozoa guards against the chance of their wandering away to come 
into contact with other eggs. In short, instead of the fertilization being 
a matter of chance, there seems to be abundant contrivances to insure 
that it shall not be a matter of chance. In the eggs of fish spawning in 
salt water it may be different. 

LIyjyungman (78) describes the herring spawning thus: ‘ During the 
‘spawning process the herrings are packed in a dense mass are in con- 
stant and violent motion, move their tails rapidly, press and rub against 
the nets, etc., all with the obvious intention to facilitate the emptying of 
the sexual.organs. It has been observed that during the emission of the 
milt the sea water assumes a whitish color and a peculiar odor becomes 
perceptible.” 

Karl (78) thinks the ova of the cod may be fertilized largely by 
chance, since he has not observed the fish going in,pairs. 

The statements of Hensen and Hoffman with regard to the length of 
life of the spermatozoa make a chance fertilization “possible i in salt water. 
‘On the other hand neither Hensen nor Hoffman showed that the sperma- 
tozoa described by them as moving were capable of fertilizing eggs and 
the account of Ljungman indicate immediate fertilization in the herring. 

The evidence is therefore not sufficient to decide the matter in salt 
water spawners, and it remains to be said that even should it prove true 
that in some such forms fertilization may take place by chance and the 
spermatozoa be endowed with a considerable length of life, yet this does 
not invalidate the conclusion with regard to spawners in fresh water. 
While the short life of the spermatozoén in those fish that spawn in fresh 
water may serve to prevent the formation of hybrids, the same result 
may be attained in salt water spawners in a different way and a long life 
of the spermatozoén may serve a useful purpose. 

Thus in the case of the herring, the immense number of fish congre- 
gated on the spawning ground would tend to drive away all other fish 
and prevent hybrid fertilization in that way. In the method of spawning 
observed in these fish it would be of advantage that the water should be 
kept filled with actively moving spermatozoa, and this could be better 
- accomplished if the spermatozoa were endowed with considerable length 

of life. 


PART IY. 
THE FERTILIZATION OF THE EGG. 
A.—THE LIVING EGG. 
In order to study the process of fertilization it is convenient to 
arrange the eggs in rows in a watch glass in the manner described for 
studying the changes produced by water in the unfertilized egg. A 


second watch glass containing water is placed at hand and a small 
quantity of freshly expressed milt is then taken up in a pipette and 


g 
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mixed with the water in the watch glass as quickly as possible by drawing: 
the water into the pipette and forcing it out again several times in rapid. 


succession. The milt thus diluted is placed on the eggs with the pipette — ae 


- and reaches them in between five and ten seconds after it has been mixed 
with the water. The milt is allowed to remain on the eggs for ten or — 


fifteen seconds and is then removed by changing the water several times. 
rapidly. All this can be accomplished without changing the position of — 


the eggs since the water causes them to adhere firmly to the watch glass. 

The eggs, after washing, are brought under the microscope and are’ 
under observation within thirty seconds of the time the milt is mixed — 
with the water. ‘This method is a slight modification of the one used by 
Calberla in studying the eggs of the lamprey eel. 

One runs rapidly along each row of eges until an egg is foun when 
presents the micropyle in profile, 2. e., in such a position that one sees the 
micropyle at the edge of the egg, and can a little later see the micropylar — 
funnel and canal from the side throughout their whole length. It requires. 
some practice to pick out quickly an egg in the right position for 
observation. : 

By the time this is accomplished the movements of the spermatozoa 
will usually have nearly ceased, but one may see here and there a feeble. 
movement. It is now noticed that: each egg is thickly covered with 
spermatozoa, the heads of which appear under the power that can be used 
as minute granules thickly studded over the external egg membrane (Fig. 
23 spr.). They are not usually in contact with the external egg mem- 
brane nor are they held firmly by it, since a little gentle washing suffices. 
to remove them, while the external egg membrane is plainly seen within 
the zone formed by the spermatozoa about the egg. The spermatozoa 
are held in place by the fluid which covers the eggs when they are 
laid and a film of which remains on the surface of each egg when they 
are arranged in the watch glass. ‘The water gradually dilutes and washes. 
away this fluid, and as this happens the spermatozoa are freed and may 
be seen floating away. ‘This fluid thus affords to the egg a means of 
attaching to itself spermatozoa on all sides, as long ago noted by Costé 
(59), and may thus serve a useful purpose in rendering the fertilization 
of the egg more certain. 

It has been pointed out that the spermatozoa live much longer in this. 
fluid than in pure water, and it might be expected that those spermatozoa 
held in contact with the egg by this fluid would continue their movements 
longer than those in the adjacent water. The experiment was therefore 
tried (and many times repeated) of first placing the eggs under the 
microscope and then adding the milt. In doing this it is necessary to. 
have the milt very dilute in order that it may not render the water so 
milky as to obscure the view of the egg. Eggs thus treated were watched 
to see whether the spermatozoa in contact with the egg lived longer than 
those in the adjacent water. It was found that in every case their move- 
ments were arrested at the same time with those in the water. There is no- 


evidence that contact with this fluid prolongs the life of a spermatozoén 
that has once come into contact with water. Probably a very short con- — 


tact with water leads to the death of the spermatozoén, even although it 
is, as in this case, immediately afterwards removed from the water. 

The layer of spermatozoa that covers the egg may be uniformly 
distributed over its surface or it may be thicker on one side than on the’ 
other. In a number of cases it was noticed that the layer was much thicker 
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over the germinal disc than elsewhere, and it was thought for a time that 
the germinal disc might exercise through the shell some influence on the 
spermatozoa that should bring them in greater numbers to that side of the 
egg. An examination of a large number of eggs with this point in mind 
showed, however, that it was merely a matter of chance as to where the , 
greatest accumulation of spermatozoa occurred. It was as likely to be on 
the side opposite the germinal disc as on the side of the disc. 

There is one possible exception to this statement. In many cases it was 
noticed that there was an accumulation of spermatozoa directly over the 
micropyle. The appearance presented was as though a large number of 
spermatozoa had rushed toward the micropylar funnel. Such accumula- 
tions were conical or sugar loaf shaped and sometimes of a height equal to 
the thickness of the shell. These accumulations did not always occur, but 
occurred so frequently as to make it improbable that they were due to 
chance. It is likely that they are formed either by the crowding together 
of spermatozoa in their efforts to enter the micropyle or by the presence 
over the micropyle of a projecting plug of some material in which the 
spermatozoa become entangled. If such a plug of material exists it is too 
delicate to be detected by the methods used though it is possible that a 
suitable staining method would reveal its presence. 

Within two minutes after the egg comes under observation the cortical 
drops will usually have disappeared, and one may then see the beginning 
of the perivitelline space (Fig. 11, pv.). It sometimes happens that this, 
space appears about the whole circumference of the egg at the same time, 
but it is more frequently the case that it appears over every other part of 
the ege except at the mycropyle, so that while the zona radiata is separated 
from the cortex over its whole inner surface it still remains in contact with 
it at the micropyle (Fig. 11.). In such cases the micropylar elevation is 
seen to be imbedded in the germinal disc. I am inclined to believe that. 
it is always the case that the last point of contact between the zona radiata 
and the cortex is at the micropyle, but that sometimes the changes are gone 
through with so rapidly that this fact escapes observation. The rapidity 
with which the phenomena now to be described follow one another depends. 
upon the temperature. ‘The most complete record which I have preserved 
is one made at a comparatively high temperature but unfortunately my 
notes contain no record of the temperature at this time. 

Two and a half minutes after adding milt the perivitelline space was 


' found (in the case recorded) but the micropylar elevation was still in con- 


tact with the germinal disc. At three minutes and twenty-five seconds 
the micropylar elevation is entirely withdrawn from the germinal disc 


~ and the disc itself is already somewhat thickened. ‘l'here now appears on 


the point of the dise with which the micropyle was in contact a clear: 
elevation of the protoplasm (Figs. lla, 23, 24, 26, 27,1., em.), which has the 
form of a nipple and bears at its end a slight crater-like depression. This. 
elevation I shall call the impregnation eminence. If one watches very 
closely the separation of the micropylar elevation from the germinal dise 
one may often see the impregnation eminence make its appearance an 
instant after the separation and at the very point on the disc which was in 
contact with the micropylar elevation (Fig. 23). In other cases the 
impregnation eminence is not seen until some little time after the 
micropyle has separated from the disc and it then lies at one side of the 


amicrople (Figs. 26 and 27). In either case it may be seen first as a very 
slight projection (Fig. 23, d.) which gradually becomes higher (Fig. 23 
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c. and b.,) and finally takes on the form of a nipple with the orate 
depression already described (Fig. 23, a). When fully formed it has a 
breadth of about .020 mm. and is about half as high. The eminence is 
therefore so slight that it is easily overlooked and in order to be seen it is 


necessary that it should lie at what appears to be the very edge of the disc 
as one looks at it from above. Of course not all eggs placed by chance 


lie in this position, so that it is necessary to pass rapidly from egg to egg 
until a suitable oneis found. If one finds an egg in which the micropyle 


is presented in profile as in Figs. 10 and 11, the impregnation eminence is 
‘almost certain to show. After having examined many hundreds of eggs — 
and seen the eminence perhaps a hundred times I have no hesitation in 


saying that it eek occurs and that if it is not visible this is owing to the 
position of the egg. One who has become thoroughly familiar with it may 
often overlook ne a ‘first, but afterwards see it lying a little above or below 
the median optic. section. 

The eminence is usually borne on the top of a rounded elevation of: the 
germinal disc of about the form of an inverted saucer (Fig. 27 and Fig. 
lla.). This second elevation is about ten times as broad as the impregna- 
tion eminence and about three times as high, and is composed of proto- 
plasm slightly less granular than that of the rest of the disc, but much 
more granular than that of the impregnation eminence. I shall speak of 
it as the granular eminence. It varies somewhat in its proportions and 


does not always appear to be present (Figs. 23 and 26), at least I have — 


‘often failed to see it, although it may have disappeared before my obser- 
vation was begun. It may be said with certainty that if it is always pres- 
ent, it does not persist during the whole time during which the impregna- 
tion eminence is present. 

The impregnation eminence persists for a time varying between two 
and five minutes and is then withdrawn. One side of it is often with- 
drawn first and then the other, the whole process of withdrawal lasting 


one or two seconds and being much more rapid than the appearance of the 


eminence. In one case the impregnation eminence was seen at the end of 
thirteen minutes after fertilization, in an egg at a temperature of 9° C., but 
in most observations which were made at a higher temperature (probably 
11 or 12° C), it had disappeared at the end of five or six minutes. The 


granular eminence disappears at the same time as the impregnation 


eminence. 


fT have in one case observed two impregnation eminences near one . 


another on the same disc. They were not borne on granular eminences 
and were smaller than normal. In another case I observed a considerable 
number, perhaps a dozen, slight conical elevations of the germinal dise 
scattered irregularly over its surface and each much smaller than an 
impregnation eminence and without a crater-like depression at its apex. 
In this egg I did not find the usual impregnation eminence. Aside from 
these two cases I have seen always a single impregnation eminence in each 


egg, and I have seen it always arise and. disappear in the same way and 


about the same rate and nearly always borne at the top of a granular 
eminence. 


The fact that the impregnation eminence appears at that point of the 


dise which was in contact with the micropylar elevation, suggests at once 
that it is caused by the contact of the spermatozo6n with the egg. Many 
unfertilized eggs were exainined to see whether the impregnation eminence 
could be found in them, but always with a negative result. I was never 
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able to find in an unfertilized egg anything in any way resembling an 
impregnation eminence, although in other respects the unfertilized egg 
behaves precisely as does the fertilized eyg during the interval between 
laying and the time of appearance of the first segmentation furrow. 

It is therefore rendered certain that the impreyvnation eminence is due to 
the contact of the spermatozoédn. ‘The spermatozoa are so small and the 
egg so opaque during the first minute of its contact with water, that noth- 
ing could be made out as to the passage of the spermatozoa through the 
micropyle. The considerable size of these eggs makes it impossible to 
use a very hizh power and they are therefore not as favorable for these 
observations as many pelagic eggs. 

Careful observation was made of the impregnation eminence to see 
whether a spermatozoén could be found attached to it or whether sperma- 
tozoa could be seen moving about near it in the perivitelline space. In no 
case was anything found attached to the eminence that could without doubt 
be considered a spermatozoén. In one case asmall granule of the size 
of the head of a spermatozoén was seen attached to the eminence at one 
side of the crater and the eminence was immediately withdrawn. In 
other cases similar granules were seen moving very near the eminence, 
which was immediately thereafter withdrawn. Without further data one 
would have no hesitation in calling these granules the heads of spermato- 
zoa, and in believing that the contact of the spermatozoén with the impreg- 
nation eminence and the consequent withdrawal of the latter had been 
actually observed. The movements of the granules are precisely like 
those of slowly moving spermatozoa heads, and itis easy to imagine, as 
I have done, that one sees the moving tail of the spermatozoén. When 
the granules are moving somewhat rapidly and slowing or stopping fre- 
quently, the impression left on the retina by the path of a granule may 
be so combined with the image of the granule as to give rise to the impres- 
sion of a very properly constructed spermatozoén. ‘This is particularly 
true if one has actual spermatozoa in focus in the same field on the outside 
of the zona. An examination of unfertilized eggs that have been placed 
in water without any contact with spermatozoa shows, as already described, 
the same granules behaving in the same way, and the possibility of their 
being spermatozoa heads is thus at once excluded. 

After the disappearance of the impregnation eminence, the behavior of 
the unfertilized and fertilized eggs as seen in the living egg is identical. 
The perivitelline space continues to increase in size and the germinal disc 
to accumulate in both at the same rate. There is one series of phenom- 
~ ena which takes place in both fertilized and unfertilized eggs, but which is 
so intimately associated with fertilization that it will be described in this 
connection. I refer to the formation of the polar bodies, and repeat that 
so far as can be made out in the living egg, this process is absolutely the 
same in the unfertilized egg that it is in the fertilized and proceeds at the 
same rate. 

Polar bodies are believed to be formed in all animals before fertilization 
can be completed, and before, therefore, any development of an embryo 
can take place. ‘The process of the formation of the polar bodies is usu- 
ally spoken of as the maturation (ripening) of the egg 

There are two polar bodies formed in the wall-eyed pike as in other ani- 
mals. The first one may be seen in the living egg between thirty and 
forty-five minutes after fertilization. It appears at first as a small, per- 
fectly transparent hemispherical elevation of the germinal dise (Fig. 15). 
The elevation is colorless and free from granules, and has a distinct dark 
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border indicating the presence of a well defined membrane. The eleva-_ 
tion is about .012 mm. in breadth (about one-half the breadth of the 
impregnation eminence). It becomes gradually higher, and in the course 
of from six to ten minutes is nearly as high as broad, and a notch has ~ 
appeared on either side of it. The appearance in the living egg is as 
though it were first raised up above the surface of the germinal dise and 
then “pinched off by a constriction running entirely about its base between 
it and the disc, so as to separate it from the disc. It will be seen from an ~ 
examination of sections that this appearance does not quite represent the 
facts. When the first polar body has thus been separated from the germi- 
nal disc itis a perfectly transparent and colorless sphere (Figs. 28, 29, 33, 
p. b.1.). As soon as the first polar body is raised up from the surface of — 
the disc enough so that one can get a view of that border of it which lies — 
next the disc, one sees that it is borne on the top of a second elevation, the 
second polar body (Figs. 28, 29, 33, p. b. 2). The second polar body is 
clearly seen about twenty minutes, or twenty-five, after the appearance of 
the first. In the course of ten or twelve minutes it has extended above the 
level of the disc to about half the height of the first polar body, which it 
bears on its apex. In twenty minutes ‘after the first appearance the second 
polar body has reached a height equal to that of the first (Fig. 29) and in 
thirty minutes it has separated entirely from the germinal disc (Fig. 33). 

The second polar body is then seen to be different from the firstin a ~ 
number of particulars. It is somewhat larger and is less regular in out- 


line. It commonly appears in a side view to be of a truncated triangular 


form with the first polar body borne on the truncated apex of the train- 
gle, but it may have other forms. It nearly always has one side flat- — 
tened against the germinal disc. It is, moreover, not clear, like the 
first polar body, but granular. It appears to be made up of a considera- 
ble number (12 to 24) small separate granules loosely held together (Fig. 
33). It consequently appears darker and less sharply defined than the 
first polar body, so that it is more difficult to see. 

When the polar bodies are fully formed they lie side by side on the 
surtace of the disc. They probably eventually break up in the perivitel- 
line fluid, but I have not attempted to follow this process. I have seen 
the polar bodies after the formation of the first segmentation furrow 
attached to one of the segments near the furrow. 

The point on the disc at which they appear is always (as noted by Agas- 
siz and Whitman) at one side of the middle of the disc (Figs. 18, 14, 28). 

I have examined a large number of specimens for the purpose of deter- 
mining this point. In fourteen cases thus examined in one lot of fertilized 
eges, the polar bodies were plainly eccentric in thirteen, while in the 
remaining egg they appeared to be central. It is of course possible that 
they were actually eccentric in the fourteenth egg, since in this case the 
optical section may not have passed through the middle of the disc. In © 
fourteen unfertilized eggs examined at the same time, the polar bodies 
were decidedly eccentric in ten and appeared to be central in four. One 
who wishes to understand the conditions under which these determina- 
tions were made, may take a watch glass or other similarly shaped dish 
and make an ink spot a little to one side of the center of the convex side 


of the dish. If he then looks at the edge of the dish, the dish will repre- — : 


sent the germinal disc of the egg and the spot will indicate the position of 
an eccentric polar body. By turning the dish about while still looking at 
its edge he will see that the polar bodies may appear to be central while ; 
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they are actually eccentric. If he then makes a spot in the center of the 
dish, he will see that however he turns the dish the spot appears to be 
always central. While an eccentric polar body may appear to be central, 
a central polar body can never appear to be eccentric. We may therefore 
conclude that in the wall-eyed pike the polar bodies are eccentric in 
position in both fertilized and unfertilized eggs. 

It was shown above that the germinal disc about ten minutes after the 
egg comes into contact with water has the form of a saucer with its concave 
side fitted against the yolk. ‘This form, as was stated, it retains for more 
than an hour, that is during the whole time during which the polar bodies. 
are being formed (Fig. 13). Shortly after the formation of the second 
polar body the disc again begins to change shape becoming thicker and 
higher (Fig. 14) as already described, until it finally has the form of a part of 
asphere of less diameter than the yolk sphere (Fig. 15). The formation of 


the germinal dise in both unfertilized and fertilized eggs may thus be 


divided into three periods, during the first of these, lasting about ten 
mintites it increases in size and takes on a definite watch glass form. 
During the second period, the hour during which the polar bodies are 
being formed it remains practically without change of form. During the 
third period, extending from the time of intrusion of the second polar 
body to the third hour (about) it passes gradually from the watch glass 
form to the form of a segment of a sphere of gradually lessening radius. 


B.-—_SECTIONS. 


While the polar bodies are forming and the germinal disc accumu- 
lating changes of the greatest importance are taking place on the inside of 
the germinal dise and must be studied by means of sections. 

My own observations extend only over the period covering the forma-. 
tion of the first polar body and are even here incomplete. I shall there 
fore draw mainly on the accounts that have been given by Agassiz and 
Whitman (’90) and Boehm (91) and shall refer to those of Kupffer. The 
account given by Hoffman, for reasons previously stated, I shall not make 
use of, and that of Blanc (92) is not yet accessible. 

Boehm, who worked on the trout, has given the most complete account 
of most of the stages. In sections made through discs ten minutes after 
fertihzation he finds the nucleus of the egg in the mother star phase of 


‘karyokinesis. It consists of a distinct acromatic spindle with spindle 


fibres and about the equator of the spindle are grouped the chromatin 
threads. These have the form of short rods and will be spoken of as chro- 
mosomes. It may be said here that the loop or U form of the chromo- 
some found in most dividing nuclei is not universal and that in the egg of 


the trout we have one exception in that the chromosomes are rod-shaped. 


Their number is about six. 

Twenty minutes after fertilization (Fig. 34) the achromatic spindle (p. 
sp. 1.) has traveled to the surface of the germinal disc and lies with its 
outer pole against the surface and its long axis nearly perpendicular to the 
surface. At the same it has increased in size and the spindle threads are 
more distinct. The number of chromosomes (crm.) has now increased to. 
about twelve, 7. e., it has doubled. Hach of the twelve chromosomes is as 
long as the original but only half as thick. 

Thirty minutes after fertilization it is found (Fig. 35) that in place of 
twelve chromatin rods at the equator of the spindle there are now twenty- 
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four shorter chromatin bodies, twelve near one pole of the spindle and 
twelve near the other pole. There can be no hesitation in saying that each 
of the twelve rods situated in the equator inthe preceding mother star stage | 
has divided into two, and that we have now the daughter star stage. The © 

twelve chromosomes near each pole of the spindle continue to travel toward 
the poles and finally reach them (Fig. 36). : 

The outer pole of the spindle is then pushed above the level of the 
germinal disc (Fig. 36, p. b. 1.) so as to form an elevation on its surface. 
This elevation is the first polar body which we have already studied in the 
living egg. The outer pole of the spindle, together with the twelve 
chromosomes grouped about it is then pinched off from the germinal dise 
by a circular constriction which runs about between it and the disc. When 
thus pinched off (Fig. 86, p. b. 1) it forms the first polar body and lies ina 
depression on the surface of the egg so that its outer side is seen in the 
living egg. 

The twelve chromosomes that remain in the egg arrange themselves 
about the equator of a new spindle which has been formed in the mean- 
time (Fig. 57, p. sp. 2). The origin of this second spindle (second polar 
spindle) has not been determined in Toleosts. When the chromosomes 
have arranged themselves about its equator the nucleus is again in the 
mother star stage. ‘The twelve chromosomes then again divide each into 
two and the twenty-four thus formed separate into two groups of twelve 
each which travel toward the poles of the second polar spindle and form 
thus a new daughter star stage (Fig. 37). 

This in the trout is reached at the end of one hour ten minutes. The 
chromosomes continue to travel toward the poles which they finally reach, 
the outer pole is then pushed above the surface and a constriction forms — 
which pinches it off together with twelve chromosomes about it. There is 
thus formed the second polar body (Fig. 38, p. b.2). Itis formed in the 
wall-eyed pike immediately beneath the first polar body and pushes the 
latter up out of the depression of the surface in which it lay. The second 
polar body then occupies this depression, but is after a time expelled from 
it by the obliteration of the depression and the two polar bodies then le 
side by side on the surface of the egg. 

The twelve chromosomes that are left in the egg after the expulsion of 
the second polar body now form a compact group composed of twelve — 
‘ spherical bodies, each corresponding to one of the chromosomes. This is 
all that is left of the egg nucleus (Fig. 38, aterm.). It rémains for a con- 
siderable time attached by some of the spindle threads to the bottom of 
the depression in which the second polar body lies. 

It is evident that by the process of forming the polar bodies three-quar- 
ters of the chromatin of the nucleus of the egg is extruded. Half of it is 
extruded in the first polar and half of the remainder in the second polar 
body. The mass of chromatin left in the egg at the end of the process is 
therefore only one-quarter what it was at the beginning of the process 
(compare Fig. 38 with Fig. 34). Not only is the mass of chromatin thus 
reduced by three-quarters, but the nwmber of chromatic bodies or chromo- 
somes is also reduced three-quarters. There are twelve chromatin bodies 
- (chromosomes) in the equator of the spindle before the formation of the 
first polar body (Fig. 34). No one has described a division of the bodies 
in Teleosts, but what has been made out by Boveri for Ascaris and by 
Rackert in sharks is probably true here also, namely, that each chromo- 
some consists in reality of four and that there are altogether forty-eight 
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chromosomes about the equator of the first polar spindle. When the 
apparent number increases from 12 to 24 in the formation of the first polar 
body* (Fig. 35) it is owing merely to a separation of twenty-four of the 
hitherto united chromosomes, which travel toward one pole of the spindle 
from the other twenty-four which travel toward the other pole of the spin- 
dle. The chromsomes composing each group of twenty-four are united 
together in pairs so that there appear to be but twelve chromsomes at 
each pole of the spindle (Fig. 36). The twelve near the outer pole of the 
spindle are then extruded (Fig. 36). Those remaining within the egg now 
separate on the second polar spindle into two groups of twelve each (Fie. 
37), and the outer group is expelied in the second polar body. The result 
is that of the forty-eight chromosomes originally present in the egg but 
twelve remain. These twelve are now united into a spherical mass, the 
female pronucleus (Fig. 38 at crm.). 

In the meantime the spermatozoén has entered the egg. Boehm finds. 


that the micropylar canal contains a number of spermatozoa during the 


first hour and a half after fertilization (Fig. 35, spr.). The heads of these 
spermatozoa are found filling the canal as many as seven in a row and 
become deeply colored by the stains ordinarily used. 

Thirty minutes after fertilization one of these heads is found in the germ- 
inal disc near its surface and close to the micropyle. One hour after fer- 
tilization the spermatozoén head is found (by Kupffer) lying still near the 
surface and consisting of four segments arranged in a row (Fig. 36a, spr.). 
On the inside of it is seen a star or sun (Fig. 36a, as.) made up of radi- 
ating lines in the cytoplasm and indicating the presence of a centrosome, 
though no centrosome is visible. 

One hour and twenty minutes after fertilization (Fig. 38) Boehm finds 
that the spermatozoén has descended into the germinal disc and that the 
two constituents have separated from one another. The chromatic portion 
(m. pn.) has now the form of a group of rounded chromatin bodies which 


closely resembles the female pronucleus. The number of separate chromo- 


somes composing it is not stated by Boehm but we may assume that it is, 
as in other animals, the same as the number in the female pronucleus, 
that is, twelve. The chromatic part of the spermatozo6n is called the 
male pronucleus. In addition to this the sun-like or star-like figure pre- 
viously described as having its center near the spermatozo6n, is now sepa- 
rated from it by a considerable distance. Ii is called the aster and proba- 
bly has at its middle a centrosome, though this has not been described 
(Fig. 38, as.). 

Two and a half hours after fertilization the male pronucleus is at some 
distance from the central part of the aster (Fig. 39, mp. n.), while the 
female pronucleus (f. pn.) is still in the region of the polar body and is 
still united by very plain fibres (f. p.) with the bottom of the pit in which 
the polar body lies. Three hours after fertilization (Fig. 40) the male 
pronucleus (m pn.) is almost in contact with the center of ‘the aster (as. ). 
The female pronucleus (f. pn.) lies in the region of the polar body (p. b. 2) 
and fibres (f. u.) connect it with the surface. The impression made upon 
one atthis stage is that the female pronucleus is being strongly attracted 
by the male pronucleus or the aster. It has moved from its original posi- 
tion and the fibres which hold it to the surface have been pulled out so that 
they are longer and they are at the same time bent toward one side. Both 


* All the chromosomes are not visble in every figure since the deeper ones are often concealed 
by the more superficial. 
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male and female pronuclei show less distinctly than before a division into 
chromosomes and both show a tendency on the part of the chromatin to 
resolve itself into the network which is characteristic of the resting nucleus. 
This process has gone further in the male than in the female pronucleus. 


Three hours and thirty minutes after fertilization (Fig. 41), the male — 
pronucleus (m. pn.) lies on one side of the aster. It shows now a distinct — 


chromatin network and a well defined nuclear membrane. The rays of the 
aster converge toward two points instead of one, in other words there are — 
two asters (as. 1, as. 2). These have doubtless been derived by the divi- 
sion of the single aster of the earlier stage and each doubtless contains a 
centrosome. The female pronucleus (f. pn.) has now been drawn nearer — 
the male and the threads connecting it with the surface have disappeared. 
'wo or more of its chromosomes have separated from the remainder and 
lie near the female pronucleus, forming small separate accessory female 
pronuclei. The female pronucleus shows a distinct chromation network 
and a nuclear membrane. 

Five hours and fifteen minutes after fertilization (Fig. 42) the two 
asters have separated from one another by a considerable distance and 
each is made up of a distinct set of rays (as. 1, as. 2). These two sets of 
rays come together at the sides of the asters and midway between their 
centers. Ina direct line between the asters there are no aster rays and in. 
this position are seen the two pronuclei. The male pronucleus (m. pn.) 
is now underneath (2. e., furtherest form the surface) and shows a chroma- 
tin network and a distinct thick nuclear membrane. The female pronu- 
cleus (f. pn.) has been drawn up against the male pronucleus so that the 
two are in contact. It is larger than the male pronucleus with a distinct 
chromatin network and with a delicate nuclear membrane. ‘The accessory 
pronuclei lie near it. 

Seven hours and thirty minutes after fertilization (Fig. 48) the condi- 
tion of things is still much the same. The two asters are present as before 
and between them the two pronuclei. The male pronucleus has scarcely 
changed and lies as before, deeper than the female pronucleus. The 
female pronucleus has grown larger, its chromatin network is more dis- 
tinct and it is wrapped part way around the male pronucleus, though the 
two are still perfectly distinct. te 

The accessory pronuclei have disappeared and are believed by Boehm to 
have been taken up into the female pronucleus from which they came. 

Boehm does not give the latter history of the pronuclei, but it is given 
by Agassiz and Whitman (’90) for Ctenilabrus. 

They find the pronuclei lying against one another as described by 
Boehm (Fig. 44) the male pronucleus (m. pn.) above (7. e., near the sur- 
face) and at the ends of a line passing between them the two asters. 

A little later the boundary between the two pronuclei has dissapeared 
and there appears to be but a single nucleus lying between the two asters. 
In this the chromatin is collecting again into chromosomes. Very soon 
(Fig. 45) the chromatin has gathered itself into a number of distinct 
chromosomes and at the same time a spindle, the segmentation spindle 
(sg. sp.), has made its appearance between the two asters. The source of 
the spindle is not clear but the asters form its poles. The chromosomes 
are arranged about its equator; in short the nucleus is in the mother star 
stage. The nucleus thus formed by the junction of the male and female 
pronuclei is known as the first segmentation nucleus. The number of 
chromosomes that it contains has not been definitely made out in Teleosts. 
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but from what is known in other animals (e. g., Ascaris) we safely con- 
elude that in the trout itis the sum of the number found in the male 
and female pronuclei, 7. e., twenty-four, twelve from each pronucleus. If 
this is true half the chromosomes in the first segmentation nucleus are 
derived from the egg, 2. e., from the female parent and half from the sper-. 
matozoon, 2. e., from the male parent. 

Very shortly (Fig. 46) itis noticed that the chromosomes have ivided 
each into two and are separating into two groups as in the ordinary process 
of karyokinesis. Each group would contain therefore (in the trout )twenty- 
four chromosomes, and of these twelve would have come from the male 
and twelve from the female parent. When the groups of chromosomes 
are separated the nucleus is in the daughter star stage. 

The separation continues until the groups have reached the poles of the 
spindles (Fig. 47) and two daughter nuclei (nu. 1, nu. 2) are formed, still 
united by some of the spindle threads (f. p.). Each daughter nucleus 
lies near one of the asters and at the center of each aster we may assume 
the existence of a centrosome. Very shortly (Fig. 48) a plane of 
division is formed in the cytoplasm, separating the cytoplasm into two 
cells each with its nucleus (nu. 1, nu. 2). Half of the chromosomes in 
each of these nuclei is of maternal origin and half of paternal origin. 

The fish is now. built up by the continued division of those two cells (as 
described in an earlier bulletin of the Michigan Fish Commission) and at 
each cell division the nucleus also divides. It is not the purpose here to 
enter into this process of the formation of the embryo and one thing only 
remains to be pointed out. Ineach of the cells of the body of the 
embryo the nucleus must be a lineal descendant of the first segmentation 
nucleus. It must contain therefore the same number of chromosomes as 
the segmentation nucleus and half of these must be maternal and half 
paternal. 

The account just given is drawn exclusively from Boehm and Agassiz 
and Whitman, with asingle point taken from Kupffer on Boehm’s author- 
ity. I may add that I have made, in sections, observations covering the 
history of the first polar body and the formation of the male pronucleus 
but that these add nothing to what was previously known. 

A resumé of the observed facts may not be out of place. We have seen 
in the living egg the formation of an impregnation eminence for the re- 
ception of the spermatozoén (as will be presently shown). We have seen 
during the time when the egg is filling and the germinal disc forming, 
that two polar bodies, minute spheres of protoplasm, are pinched off from 
the surface of the disc and lie in the perivitelline space where they after- 
wards probably go to pieces. After the formationof the polar bodies a period 
of one to two hours elapses during which the only changes visible exter- 
nally are the changes in form of the germinal disc and the increase in 
size of the perivitelline space. 

Turning to sections we have been able to make out that the formation 
of the polar bodies is accompanied by the usual karoykinetic process of 
division, so that each polar body contains a part of the egg nucleus. The 
formation of the polar bodies is an ordinary cell division twice repeated 
and differs from other cell divisions only in that in each case one of the 
cells formed (the polar body) is very small while the other (the egg cell) 
is very large. During the formation of the polar bodies we have seen the 
gradual penetration into the egg of the spermatozodn and its separation 
into two portions, a chromatic portion the male pronucleus and an achro- 
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matic portion the aster. We have seen the aster descend into the center 
of the germinal disc and then begins the most astonishing part of the _ 
process. The aster by some means attracts or pulls to itself the male 
pronucleus and atthe same time draws to itself the remains of the ego 


nucleus, the female pronucleus. Hach pronucleus is seen to be made up 
of twelve (?) chromatin bodies. By the continued attraction of the aster 
the pronuclei are brought together, the female near the surface and the 
male beneath it. In the meantime the aster has divided into two asters 
and the pronuclei have gone into the condition of resting nuclei. Very 
soon the pronuclei pass out of the resting condition, each shows again a 
division into 12 chromatic bodies of which it is composed, and at the 


same time a spindle appears between the two asters. This spindle has at — 
each pole one of the asters and around its equator the twenty-four chro- — 


matin bodies, 12 from the father and 12 from the mother. An ordinary 
cell division follows and results in the division of the germinal disc into 
two cells, each containing a nucleus composed half of maternal and half 
of paternal chromatin. 

These important changes going on within the germinal disc during the 
first hours of its existence show why it does not begin to divide into cells 
at once upon being laid. . 


C.— HISTORICAL AND CRITICAL. 


I purpose here to touch upon only two points upon which, as it seems 
to me, my own observations throw some light. 
1. How man y spermatozoa enter the egg? 

It is now conceded that normally not more than one spermatozoon 
becomes converted into a male pronucleus and joins with the female pro- 
nucleus to produce the first segmentation nucleus. It is known however 
from the researches of Rickert (’91) on sharks, of Oppel (92) and Tod- 


ari (791) on Reptilia and those of Henking on Insecta, that in these forms 


a considerable number of spermatozoa enter the egg. Only one of these 
become converted into a male pronucleus while the fate of the others is 
uncertain, but it is believed by Riickert that in sharks they become the 
nuclei of the yolk. 


In a recent paper Rickert (92) has given good reason for the nonene: 


sion. Since the same nuclei (parablast nuclei) exists in Teleosts, the 
question of the number of spermatozoa penetrating the egg becomes at 


onte important. Nearly all the writers who have made observations . 
covering this point on living eges agree that the spermatoza enter the — 


Teleost egg by the micropyle. This has been observed by Ransom (’66) 
by Hoffman (782), by List (86), apparently by Hensen (’82), and by 
André (75). 


‘ Boehm (’91), has described the spermatozoa in the micropylar canal of 
the trout (Fig. 35) in sections and His (’73) has shown such agreement — 
between the size of the canal and the head of the spermatozo6n “that not 


more than a single spermatozo6n could enter at one time. Agassiz and 
Whitman and Boehm who have studied sections of the verminal dise 
agree in describing but a single male pronucleus and do not mention any 


structures that can be regarded as heads of additional spermatozoa. My 


own sections have yielded the same results. 
Kupffer (85) as quoted by Rickert (°92) believed from the existence. 
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of a number of impregnation eminences in the trout that more than one 
spermatozoon entered the egg, but was unable to prove this by sections. 
Blanc (92 has (according to Rickert) described the existence of a num- 
ber of spermatozoa in the egg-of the trout, especially when impregnation 
is performed by the Russian method. The implication is that the exist-. 
ence of more than one spermatozo6én is not normal. 

So far as the study of sections go then, they have shown that normally 
but a single spermatozo6n enters the germinal disc in Teleosts. On the 
other hand we have the testimony of Kupffer (77) from observations on 
the living egg, that in the herring a large number of spermatozoa enter 
the egg. Kupffer did not see these spermatozoa passing through the 
zona rudiata, but saw them in the perivitelline space and in the yolk. He 
saw them in motion and describes the motion as exactly like that of the 
head of a spermatozoén. He did not see the tails with certainty. He 
found that the spermatozoa remained in motion in the perivitelline space 
for about nine hours and then disappeared. According to McIntosh and 
Prince (90) Brook has also described the penetration of large numbers 
of spermatozoa into the egg of the herring. 

I have not seen Brook’s account, but Kupffer seems to me wholly insuf- 
ficient to prove the point. I have shown the existence in the perivitelline 
fluid of the egg of the wall-eyed pike of granules, the motions of which 
are to all appearances identical with those of the heads of spermatozoa. 
Most of these granules are also identical in size with the heads of sperma- 
tozoa and it is certainly very easy to confound the two. I have shown that 
these granules exist in the unfertilized egg. It seems to me, therefore, 
that until Kupffer has either seen the spermatozoa in the act of passing 
through the zona radiata or has proved their possession of tails or has 
found them in sections of the germinal disc or has shown that they do not 
exist in unfertilized eggs his conclusions cannot be accepted. The exact 
observations upon which Brook’s conclusions were based are unknown to me. 

The existence normally of a single impregnation eminence in the wall- 
eyed pike indicates the penetration of a single spermatozoén. By Hertwig 
(787) the existence in the sea urchin of several such eminences was found 
to mean polyspermy, the penetration of a number of spermatozoa. Kupf- 
fer is quoted by Rickert (’92) as describing several such eminences in the 
trout and as surmisiny from their existence the penetration of several 
spermatozoa in that form. I have twice seen more than one eminence in 
the wall-eyed pike, but must conclude that the cases were abnormal and 
that normally but a single impregnation eminence exists. 

It seems to me a conclusion warranted by the facts so far observed, that 
in Teleosts but a single spermatozoén normally penetrates the germinal 
disc. That in exceptional cases several spermatozoa may penetrate the dise 
has been shown by Blanc. 


2. What is the meaning of the impregnation eminence? 


The impregnation eminence has been described in invertebrates by Fol 
and Hertwig and perhaps by others and indicated as the point of contact 
between the ovum and the spermatozoOn. 

Kupffer (86) is stated by Boehm to have observed a number of emi- 
nences on the germinal disc of the trout and to have considered them as 
impregnation eminences and as indicating the penetration of more than 
one spermatozoén. ‘his is the only observation among the Teleosts. 

Boehm (88) gives the first satisfactory account of this eminence for any 
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vertebrate in the lant ey eel. He describes a mass of clear Dr OInR. 
the pole plasm, as spread out in a thin layer over a considerable area on ~ 
one pole of the egg. Over the pole plasm is an area of the shell through 

which spermatozoa may penetrate, but elsewhere they are prevented from 

penetrating by a secretion covering the egg shell. There is no micropyle. 

Shortly after fertilization the pole plasm is raised up into a large rounded 

elevation (the impregnation eminence) which is found to contain the head 

of the spermatozo6n and also the provisional egg nucleus. ‘The eminence _ 
then rises up until it touches the shell, undergoes changes of form and 

is believed by Boehm to take up the inner ends of a number of spermato- 

zoa that have penetrated the shell far enough to allow their inner ends to 

project into the perivitelline space. The eminenceis then withdrawn. The 

pole plasm persists and sinks into the egg, following the retreat from the 

‘surface of the pronuclei. In it take place the phenomena of fusion of 
the pronuclei and the formation of the first segmentation nucleus. This 
pole plasm is believed by Boehm to be the more fluid portion of the egg 

nucleus. The point of particnlar interest in this connection is the fact 

that the pole plasm is first spread over all that part of the surface of the 

ege to which spermatozoa have access. and that the eminence which later 

projects from it is of large size. 

Schultze (88) has described the fovea germinativa (previously noticed 
by others) a light colored spot near the middle of the dark pole of the 
eggs of frogs and other amphibia. From the fovea the polar bodies are 
given off. Schultze regards the fovea as formed by the more fluid portions 
of the egg nucleus at the time of formation of the first polar spindle. 
Schultze says nothing as to the relation of the fovea during the act of 
fertilization. It is morphologically the same as the pole plasm of the 
lamprey eel and might be expected like the pole plasm to receive the 
spermatozoon. 

Roux (’87) has, however, shown that the penetration of the spermato- 
zoon may take place inthe frog along any meridian of the egg and he was 
able to vary the point at which the spermatozoa entered the egg by vary- — 
ing the point of application. In the amphibia, therefore, the fovea is not 
necessarily an impregnation point. 

Ruckert (92) in sharks, and Oppel (92) in Reptilia have both described 
the point of entrance of spermatozoa into the germinal disc as marked by 
a depression of the outer surface. The spermatozoa may enter the disc at 
any point over a considerable area since there is no micropyle. ! 

I know of no other references to the subject among vertebrates. From 
this review it appears that in the vertebrates investigated the entrance 
point of the spermatozo6n may be marked by a depression of the surface 
protoplams or by both an elevation of the protoplasm and a depression as in 
the case of the wall-eyed pike. In those cases (sharks, Amphibia and Rep- 
tilia) where the area of the egg to which the spermatozoa may get access 
is considerable there is no special accumulation of clear protoplasm (pole 
plasm) and no special impregnation eminences have been described. In 
the two cases where the area of the egg to which spermatozoa get access 
is small (bony fishes, lamprey eel) there is an elevation (impregnation emi- 
nence) formed, and the size of this eminence is in proportion to the size 
of the impregnation area. Thus in the lamprey eel the eminence (or the 
pole plasm) covers the whole of the area of the shell, through which it is 
possible for spermatozoa to pass, an area which to judge from Boehm’s fig- 
‘ures, has a diameter equal to about one twelfth the ee ee of the ) 
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egg. The contact of the egg with the spermatozoén may take place over 


any part of this area. In the wall-eyed pike on the other hand, the 
impregnation eminence is very small and covers only that part of the area 
of the dise which is in contact with the micropylar eminence. This is, 
according to nearly all observers, the whole area to which it is possible for 
spermatozoa to get access. This area and this only is normally elevated 
into a single impregnation eminence and the eminence bears at its top a 
single small depression. This indicates very clearly that here but a single 
spermatozodn penetrates the egg. 

From the fact that the eminence exists in the fertilized but not in the 
unfertilized egg we may conclude that it is formed by the protoplasm of 
the disc in response to the stimulus produced by contact with the sperma- 
tozo6n. It may probably be interpreted as an attempt on the part of the 


-egg to enclose and surround the spermatozogn as quickly as possible and 


to thus withdraw it from the surface. Whether it is formed from any 
part of the nucleus of the egg is wholly unknown, but is unlikely. 

The impregnation eminence may be regarded as fixed simply in relation 
to the micropyle. If by any chance more than asingle spermatozo6n 


should get access to the egg (as in cases observed by Blanc) there would 


doubtless result a number of impregnation eminences. The impregna- 
tion eminence is not therefore to be regarded as a contrivance for prevent- 
ing the entrance of more than one spermatozo6n, but as an adaptation to 
another contrivance which does thus prevent the entrance of more than 


one spermatozoén. That contrivance is the micropyle. 
3. The function of the micropyle: 


As already shown the testimony nearly all shows that the spermatozoon 
enters the egg at only one point, the micropyle. Attempts have been 


made to show that the micropyle is closed after the entrance of the first 


spermatozoén, so that a second one cannot enter. Thus Calberla (77) 
thought he had shown that in the lamprey eel the penetrating spermato- 
zoon left its tail in the micropyle and thus closed it against other sperma- 
tozoa. Boehm (’88) later showed that there is no micropyle in the lam- 
prey eel, but that the spermatozo6n enters at any point over a considerable 
area of the egg and carries its tail with it. 

Hoffmann (782) believed that he had shown that in certain species of 
Teleosts the micropyle was plugged by the first polar body and the entrance 


of a second spermatozoén thus prevented. But Agassiz and Whitman 


(790) showed that the extrusion of the polar bodies through the micropole 
is an exception, and that regularly they remain in the perivitelline space. 


This conclusion has since been verified by Boehm and by myself. There 
is probably therefore no mechanical plugging up of the miciopyle to pre- 
vent the entrance of a second spermatozoon. 


Hoffmann (’82) has suggested that the micropyle may be closed by the 
formation of the perivitelline space. The micropyle opens internally at 
the apex of an elevation of the zona and the formation of the perivitelline 


space must cause some pressure to be exerted on the inside of the shell. 


Any such pressure on the end of the micropylar projection would, accord- 
ing to Hoffmann, tend to close the canal. This one may illustrate by 
punching a hole through a piece of cardboard with a pencil point or 
other conical instrument, as already suggested. There is thus formed a 
canal through the cardboard and like the micropylar canal one end of it is 


at the apex of a conical elevation of the substance of the cardboard. This 
elevation is on the side of the cardboard opposite to that to which the 
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punch was applied and a is easy by any pressure against it to close the 
opening formed. It was doubtless in some such way as this that Hoffman 


pictured to himself the closure of the micropylar canal by pressure within. 


the perivitelline space. 

André (75) had however previously performed experiments indicating 
that the micropyle remains open. Owing perhaps tothe misleading title 
of his paper it has been generally overlooked. He cut the egg shell of the 
trout in halves and floated the halves on the surface of. "water. He 
found that the half which contained the micropyle filled and sank, while 
the other half remained floating and he explained this by supposing that. 
water entered the micropyle and filled the half of the shell which con- — 
tained it. He floated other halves on ammonia water and placed on the 
inside of each piece a little carmine. In the half containing the micro- 
pyle the ammonia entered and disolved the carmine, while it did not enter 
the other half of the shell. He floated entire eggs in solutions of carmine 
and found that the carmine stained the inside of the egg, in the region of 
the micropyle. From these observations he concludes that the micropyle 
is an open passage way. . 

In criticism of this it may be said that it shows only that fluids pass 
through the shell in the region of the micropyle. The shell is thinner in 
this region and might admit fluids here though not elsewhere. In spite 
of this criticism the evidence strongly favors the conclusion that the 
micropyle is open. 

There is one other set of facts bearing on this question, namely, that it. 
isnot possible to fertilize eggs of wall-eyed pike that have lain in water. 
This is shown by the following experiments. Five lots of eggs of twenty- 
five eggs each were prepared for fertilization by placing them in watch 
glasses in the usual way and to each lot, after it had been a certain time in © 
water, was added freshly prepared milt, as follows: 


Ah eedne Fertilized, 7. e.. Gintertiivod Percentage of | Number in- 


after segmented. fertilized eggs. jured. 
Bak Vo ey 2 min. 10 15 - 40 Wy, 
EE Lye eaKi ny Byatt Ais 3 15 17 7 
rel, eal BIE OE TE Oar 2 18 10 6 
eM ia 8 « 1 18 5 ae 
Pe ed eg te dah 10.0% 0 16 0 ee 


In each case the milt was washed off after one minute and fresh 
water added. The milt was tested both before the experiment began and 
again two or three minutes afterward and was found to be normally active 
in water. In calculating the percentage the injured eggs are excluded, 
since it was impossible to tell whether or not they had been fertilized. The. 
experiment illustrates (what had been known since Costé) that lying in 
water makes the eggs incapable of fertilization. Even two minutes in water 
has some effect; beyond four minutes the effect is enormous and at ten 
minutes not an egg is capable of fertilization. This might at first sight — 
be accepted as evidence of the closure of the micropyle by the formation 
of the perivitelline space, but there are two reasons why it cannot be so 
accepted. 

If the micropyle becomes gradually smaller it would suddenly pass the 
size at which it is possible for a spermatozoén to enter. If one were 
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attempting to fit a peg into a series of holes of diminishing sizes it might 
go into holes of sizes 1, 2 and 3 and not at all into sizes 4, 5 and &. If 
there were twenty-five holes of each sort the percentage into which the 
peg could be fitted would run: 


Holes. Percentage. 
PEON NPN Siro AA Len tome: (aT, 100 
oH SCHEIN ALAIN Ma ORIN MR A 100 
a Pathe OSIRS What gi rh Ll OS Ae RAN OS SRE 100 
t s WS le ie eC eda cane 0 
SCANS Ati ied Vay a UR ak 0 
Gand following. osu 0 


In the same way if the micropyle is diminishing in size there must 
. come an instant of time when it is too small for the spermatozoa to enter. 
Previous to that timethe percentage of fertilization must be high, subse- 
quent to that time the percentage is nothing. . This is true if the sperma- 
tozodn is regarded as a rigid body which cannot squeeze through an open- 
ing of gradually diminishing diameter. There is no evidence that the 
spermatozo6én can thus squeeze through an opening smaller than its head. 
Our table of percentages of fertilization shows not a sudden transition 
but a gradual one from 40% to 0% and indicates not a suddenly developed 
cause like a diminishing micropyle, but a gradually developed cause. It 
indicates not that the closure of the micropyle but some other cause pre- 
vents fertilization. 

If now we can find the effect of lying in water on the fertilization of 
some egg that has no micropyle we may be able to determine this cause. 
The egg of the lamprey eel is such a one. It has no micropyle (Boehm) 
and according to Calberla (°77) is capable of fertilization in water up to 
the time when the perivitelline space is formed. (It may lie nine or ten 
hours in water before the space forms.) Afterthe formation of the space 
the egg cannot be fertilized. This indicates not the closure of a micro- 
pyle but the formation of the perivitelline space as the factor that prevents 
fertilization. The same phenomenon is observed in the egg of the frog 
which has no micropyle and is yet incapable of being fertilized after lying 
in water. Whether it is the perivitelline space itself that thus prevents 
fertilization or whether it is some subtle change in the germinal disc 
induced by contact with the water is undetermined. 

With regard to the micropyle we may say that there is no evidence to 
show that it closes. 

Why then is it, if the micropyle does not close, that no more than one 
spermatozo6n normally enters the egg? I believe the answer is to be 
found in the narrowness of the micropylar canal and in the speedy death 
of the spermatozoa in water. No more than one spermatozo6n can enter 
the micropyle at one time. This one must then travel the length of the 
micropylar canal in order to come in contact with the germinal disc. 
By the time it has reached the germinal disc it is likely that the other 
spermatozoa will have been killed by the action of the water. The only 
authenticated cases in which more than a single spermatozoén has been 
observed in the germinal disc of bony fishes are those cited by Blane in 
the trout. Blane states that more than one spermatozoén was found 
particularly in the case of eggs fertilized by the dry (Russian) method. 
In this method the fertilization takes place without the addition of water 
and the spermatozoa move in the fluid which bathes the eggs when they 
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are extruded. In this fluid, as I have shown, the spermatozoa live for am 


hour or more and there is therefore abundant opportunity for more than 


one spermatozo6n to pass down the micropylar canal. 

From what we now know of the eggs of sharks and reptiles it is ‘by no . 
means certain that the penetration of more than one spermatozo6én into- 
the egg would do harm. The occurrence of polyspermy as a physiological — 
process may be considered established by Rickert (92). Wemay well 
believe therefore that if there were no micropyle in the egg of a bony 
fish or if there were a dozen and a dozen spermotozoa were able to enter 
at one time no harm would result and the subsequent processes would go- 
on as usual. ! 

What then is the function of the micropyle? The question as it seems. 
to me has been answered by Mark (790). It is necessary that the egg 
should be protected against the fungus and other enemies and it is neces- 
sary at the same time that the spermatozoon should enter it. There are 
doubtless many ways in which these two objects may be accomplished. 
In bony fish the protection is afforded by a firm egg shell through which 
the spermatozoa cannot pass. Through this there must therefore be an 
opening. ‘The greatest amount of protection is afforded when this open- 
ing is assmall as it is possible to have it and still afford entrance for the 
spermatozoon. The size of the micropylar canal therefore is that of 
the head of the spermatozo6n, and the egg thus enjoys the greatest amount 
of protection while still meeting the needs of fertilization. The function - 
of the micropyle then is to allow the entrance of the spermatozoon.. 
Its small size is not a contrivance developed in order to prevent. 
the entrance of other spermatozoa, but rather in order to afford protection 
to the egg. That this small size taken in connection with the short life 
of the spermatozoa does prevent the entrance of a second spermatozoon, — 
is an accompanying phenomenon, which in the present state of our knowl-. 
edge, we may regard as of secondary importance. 


D.—-THE MEANING OF FERTILIZATION AND MATURATION. 


The nucleus controls the cell and determines its character, whether - 
muscle cell or bone cell or nerve cell. The character of an animal is deter- 
mined by the cells which make it up and these in their turn are derived 
from the fertilized egg by repeated division. In the cell nucleus it is. 
believed to be the chromatin which plays the important role and deter- 
mines the character of the cell. In the fertilized egg it must be equally 
the chromatin which determines the nature of the animal to be derived © 
from the egg. This chromatin we now know tocome half from the mother 
and half from the father and we can thus understand the inheritance by a 
descendant of qualities derived from both mother and father. It has been 
shown experimentally by Boveri that if the nucleus be removed from an 
ege by shaking and if the egg be then fertilized, it develops, but the 
animal resulting from that development inherits none of the qualities of 
the mother (since the maternal chromatin has been removed from the egg) 
but only. the qualities of the father. 

The fertilization of the egg then leads to the production of a Ben the: 
fertilized egg, the chromatin of whichis half maternal and half paternal 
in its origin. The fertilized ege by repeated division gives rise to a new 
animal and in each cell of the new animal there is still a mingling in equal 
quantities of chromatin derived from father andfrom mother. We have 
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then in the phenomena of fertilization an explanation of the fact of 
. heredity. | 

What meaning is to be attached to the polar bodies? There are but 
two answers to this question. The first asserts that the polar bodies are 
without meaning; that they are mere reminiscences of a time when each 
ege was wont to divideinto four. That at present this division of the egg 
into four is still carried out, since the first polar body frequently divides 
into two, but that one only of the four eggs thus formed is laden with food 
material and large enough to develop an embryo. ‘The polar bodies are 
accordingly regarded as aborted eggs, no longer of any use to the animal. 

The other answer (that of Weismann) is that the polar bodies are of the 
greatest importance to the species, since their formation makes it certain 
that no two animals shall be exactly alike. Although a child resembles 
its parents itis never exacfly like either parent and may be different from 
both. Perhaps this may be best illustrated by taking the concrete case 
of the egg of a bony fish as worked out by Boehm and combining it with 
what hasbeen made out by Riickert (92) and Boveri (90). The case which 
I shall suppose for the purpose of illustrating Weismann’s theory of the 
polar bodies is an ideal one, but the individual facts, as I shall suppose 
them to be, have all been paralleled in actual observations. 

We may suppose to start with that the ordinary cell of a trout contains 
(as it almost certainly does) twenty-four rods or loops of chromatin, twen- 
ty-four chromosomes. These chromosomes are not to be thought of as 
identical, but each is different from all the others and the individual pecul- 
iarities of the cell are dependent on the influences exerted on it by these 
chromosomes. We may suppose that these twenty-four different sorts of 
chromatin are thus contained in any cell of the body of the trout and that the 
combined action of these makes the cell what itis. The egg cell and 
sperm cell likewise contain each twenty-four chromatin bodies, If an ani- 
mal were to be developed from the egg cell without fertilization, each of 
its cells resulting from the division of the egg cell would contain the 
twenty-four chromosomes and the individual peculiarities of the animal 
would be determined by the kinds of chromatin which its cells contained. 
If on the other hand the egg is fertilized and if without the formation of 
polar bodies the twenty-four chromosomes of the egg have added to them 
twenty-four coming from the spermatozoon, the result is forty-eight chro- 
mosomes in the fertilized egg. This egg developsinto a fish whose eggs 
would contain each forty-eight chromosomes and when fertilized without 
the formation of polar bodies would contain each ninety-six chromosomes. 
If the process of fertilization were thus to go on from generation to gener- 
ation without the formation of polar bodies, the number of chromosomes 
in the fertilized egg and in the cells of the animal developed from it would 
be doubled in each generation and would soon become enormous. 

Evidently there most be some means of reducing the number of 
chromosomes in the egg and in the spermatozoén before the two are 
brought together. 

In the case of the egg this reduction takes place by the formation of the 
polar bodies, and in the spermatozoén there is a corresponding process 
gone through with. Thus every cell of the body of the trout contains 
twenty-four chromosomes, but the egg after it has formed the polar bodies 
contains but twelve, and as we have seen the male pronucleus derived from 
the sparmatozo6n contains also but twelve. When the egg is fertilized 
therefore it contains twenty-four chromosomes and each cell of the young 
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fish that develops from it coneans also twenty-four, the number predeut in. 
the cells of both parents. 

Polar body formation and the corresponding process in the spermato- 
zoon is therefore a means of reducing the number of chromosomes in egg 
and spermatozo6n before fertilization~and of thus keeping the number 
constant in the cells of the body in successive generations. 

The forty-eight (there are forty-eight, since each of the twenty-four is 
doubled) chromosomes found in the egg before the formation of the polar 
bodies are not to be considered as alike; each is different from the others. 
We may designate them by numbers from one to forty-eight. In the 
formation of the polar bodies it may happen that numbers 1 to 12 are 
retained in the egg and numb>rs 13 to 48 extruded in the polar bodies, or 
numbers 37 to 48 may be retained and numbers 1 to 86 extruded or any 
other combination may take place. Of a dozen or a hundred ora thousand 
egos that have formed their polar bodies probably no two will be alike. 
In one egg will be chromosomes 1 to 12, in another, 13 to 24, in another 
1, 3,:5, 7, 9, 11, 13, 15, 17, 19, 21, 23, and in each of the others various 
other combinations. 

If there are twelve chromosomes (each double) in the nucleus of the 
egg before the formation of the polar bodies Weismann (’91) has caleu- 
lated that the number of possible combinations is 8,074. That is by the 
formation of polar bodies from these eggs it is possible to obtain eggs 
with 8,074 different combinations of chromosomes in the nuclei. With 20 
(double) chromosomes in the egg the number of possible combinations 
rises to 184,756. 

What is true of the eggs is true also of the Speraint nner so that with 
twelve chromosomes in the cell from which the spermatozo6n is formed 
there is, as a result of that process in the spermatozoén corresponding to 
the polar body formation in the egg, a possibility 8,074 different kinds of 
spermatozoa. 

When the spermatozoa and ova unite in fertilization the twelve chromo- 
somes of the one are brought into the same nucleus with the twelve chro- 
mosomes of the other and the character of the individual peculiarities of 


the resulting animal are determined by the combination. Between the: — 


8,074 sorts of ripened eggs and 8,074 sorts of spermatozoa there are pos- 
sible 8,074 times 8,074 combinations, 2. e., 65,189,476 different sorts of 
fertilized eggs. This means that the chromosomes in the nucleus of 
a fertilized eyg will rarely or never be just the same sorts as those in any - 
other egg at the same time. From each sort of egg will develop an_ 
animal with its own individual peculiarities differing in some way from 
the peculiarities of any other animal of the same species. | 

In the formation of polar bodies we have then an explanation of the fact, - 
so often observed that no two animals are ever exactly alike. The old adage 
hes it “As alike as two peas” but two “ peas”’ were probably never exactly | 
alike. 

‘hese variations are according to this theory the variations upon which 
natural selection must act in producing new species. 
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EXPLANATION OF PLATES. 


The following letters have the same meaning in all the plates: 


aa aster. ete 
my. f. micropylar funnel. 
cr ey me polar asters. ae Sar AA 
Cc. an cortical drops. nu. 1, ) nuclei of the two cells formed by 
cl. 1, ) two cells formed by the first seg-| nu. 2, the first segmentation furrow. 
el. 2, mentation furrow. o. d, principal oil drop. 
cn, centrosome. o. d', smaller oil drop. 
con, cone of cytoplasm threads, p. b, bs first polar body. 
ev, cortical layer or cortex. p. b. 2, second polar body. 
crm, chromosome. p. b. L and 2, first and second polar bodies. 
cyt, cytoplasm. p. Cc, pore canals. 
e. m, external egg membrane. prt, partition walls between cells. 
f. u, uniting fibres. p. sp, L. first polar spindle. 
f. pn, female pronucleus. p. sp. 2, second polar spindle. 
g. d, germinal disc. pv, perivitelline space. 
gl, globule closing micropyle, pv. f, perivitelline fluid. 
gr, groove between edye of germinal disc | sg. sp, tirst segmentation spindle. 
and yolk. sp, spindle. 
i. em, impregnation eminence. spz, Spermatozoon. 
m. cl, cell membrane or cell wall. z.T, zona radiata. 
m. nu, nuclear membrane or nuclear wall. | yk, yolk. 
m. pn, male pronucleus. 1, chromosome no. 1. 
my, micropyle. 2, chromosome no. 2. 
my. c, micropylar canal. 1', daughter chromosome derived from 1. 
my. e, micropylar elevation. 2', daughter chromosome derived from 2. 


The divisions on the scales which accompany the drawings are tenths, hundredths and 
thousandths of a millimeter (mm.) One mm. equals about 5 of an inch, hence .1 
mm. equals 545 in. .0l mm. equals g;'5y in. and .001 mm equals ssfyq in. 


PLATE I. 


Fig. 1.—Diagram of resting cell, original. 

Fig. 2.—Diagram of cell with nucleus in the early mother skein stage. Only a small 
part of the cytoplasm is represented. 

Fig. 3.—Diagram of cell with nucleus late in the mother skein stage. In this and the 
following figures except Fig. 8, the cytoplasm is not drawn in detail. 

Fig. 4.—Diagram of cell with nucleus in the mother star stage. 

Fig. 5.—Diagram of cell with nucleus in metakinesis. 

Fig. 6.—Diagram of cell with nucleus in the daughter star stage. 

Fig. 7.—Diagram of cells just divided with nuclei in daughter skein stage. 

Fig. 8.—Diagram of two cells recently separated. In the upper cell the nucleus in 
daughter skein stage, in the lower cell the nucleus passing into the resting 
condition. 

Figs. 2, 3, 4. 5,7, are diagrams suggested by the figures of Boveri and the diagrams of 
Rabl. Fig. 8 is copied from Waldeyer, a centrosome has been added in the 


lower cell. 
PLATE II. 


Fig. 9—Diagram of an egg as it leaves the body of the fish (before contact with 
water) magnified 1 sixty diameters. 
Fig. 10.—E.zg as it leaves the body of the fish and before contact with water. The 
details are filled in over one-half of the ege. 
Fig. 11—The egg shown in Fiz. 10 after having been fertilized and having been two 
minutes in water. The yolk and the oil drop are represented only in outline. 
Same scale as Fig. 10. 
Fig. 11a.—Part of the germinal disc of the same egg five minutes after Fig. 10, show- 
fe ie impregnation eminence and the granular eminence. Same scale as 
‘ig. 10. ‘ 
Fig. 12.—-The egg shown in Fig. 10 seven minutes after contact with water. In 
this figure and in Figs, 13, 14, and 15 the zona radiata, the yolk and the oil 
drop are represented only in outline. 


ey 
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Fig. 13.—The egg shown in Fig. 10 about one hour after contact with water. The first 
polar body 1s formed. 
Fig. 14.—The egg shown in Fig. 10 two anda half hours after contact with water. 
Both polar bodies are shown. 
Fig. 15.—The egg shown in Fig. 10 three hours after contact with water. The polar 
bodies did not show. The first segmentation furrow appeared four hours 
: twenty minutes after fertilization. 
Fig. 16.—Diagram of an egg in a condition similar to that of the egg shown in Fig. 15. 
The polar bodies are shown and the male and female pronuclei and the aster 
- appear in the germinal disc. Magnified about sixty diameters. 
Fig. 17.—A spermatozo6n- 
| The numeral attached to the scale of this figure should be .001. 


The figures are all original and from the wall-eyed pike. Figs. 10, 11, 12, 13, 14, 15, 
were drawn from living eggs from outlines with the Abbé camera under Zeiss’s apo- 
chromatic 16 mm. Ocular 2, with the paper elevated considerably above the level of 
the micro3s39pa stage. Fig. 17 was drawo with the Abbé camera under Zeiss’s apo- 
chromatic 2 mm. ocular 12, and was afterward enlarged. 


PLATE III. 


Fig. 18.—A part of the cortical layer near the edge of the germinal disc, together with 
the egg shell and perivitelline space. Section, 

Fig. 19.—Sections of the egg shell treated by the Berlin-blue process. The canals and 
the perivitelline fluid which are represented as black, are blue in the 
preparation. 

a. Cross section from an egg preserved in Perenvi’s fluid. 
b. Tangential section from an egg preserved in Perenyi’s fluid. 
c. Cross section from an egg preserved by Hoffmann’s method. 

Fig. 20.—Diagram of the micropyle as seen in the living egg a few minutes after con- 
tact with water. 

Fig. 21.—Cortical drops and small oil drops from the surface of the large oil drop ina 
living egg, to show the difference in optical effect between the cortical drops 
and oil drops. 

Fig 22.—A piece of the cortical layer of a preserved egg containing cortical drops. The 

minute granules composing the drops are shown over a part of one of them. 

Fig. 23.—Four successive stages in the formation of the same impregnation eminence 
as seen in the living egg. The earliest stage is at the bottom (d). A part of 
the zona radiata with the micropyle is represented in its natural position 
above the upper figure (a). 

Fig. 24.—Part of the germinal disc with granular eminence and impregnation eminence 
and of the zona radiata with micropyle. An oblique view from the living 
egg.. Scale unknown. 

Fig. 25.—Sketch of part of a living egg, showing the micropyle closed by a proto- 
plasmic globule. 

Fig. 26.—Part of a living egg showing the impregnation eminence five minutes after 

fertilization. 

Fig. 27.—Part of another living egg showing impregnation eminence and granular 
eminence, five minutes after fertilization. 

Fig. 28.—Part of a living egg showing the two polar bodies. 

Fig. 29.—Two views of the polar bodies in a living egg, ais a little later than b and 
shows the first polar body falling from the top of the second. Same scale 
as Fig. 33. 

Fig. 33.—Part of a living egg showing the two polar bodies. 


The figures are all original and with the exception of Figs. 20, 25, and 29, which 
are sketches, were drawn under Zeiss’s apochromatic objectives with the aid of the 
Abbé eamera. 

PLATE IV. ° 


Fig. 34.—Part of section through the germinal disc of an egg of the rainbow trout, 
twenty minutes after fertilization. 

Fig. 35.—Part of section through the germinal disc and zona radiata of the rainbow 
trout, thirtu minutes after fertilization. 

Fig. 36.—Part of a section through the germinal disc and zona radiata of the rainbow 
trout, one hour after fertilization. 

Fig. 36a,—-Part of a section through the germinal disc of the trout one hour after 
fertilization, showing the condition of the spermatozoon. 
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Fig, 37.—Part of a section through the germinal disc of the rainbow’ trout, one hour 
and ten minutes after fertilization. 


Fig. 38.—Part of a section through the germinal disc of the rainbow trout, one hour and | 


twenty minutes after fertilization. 


Fig. 89.—Part of a section through the germinal disc of the rainbow trout, two hours 


and thirty minutes after fertilization. 

Fig. 40.—Part of a section through the germinal disc of the rainbow trout, three 
hours after fertilization. . 

Fig. 41.—Part of a section through the germinal disc of the rainbow trout, three hours 
and thirty minutes after fertilization. : 


The figures are all copied from Boehm (’91) and were four times the size of the origi- 


nal figures, but have been subsequently reduced by photography. The first polar — 


body is not shown in Figs. 38, 39, 40 and 41, but may be thought of as lying on the 
surface of the disc near the second polar body. 


PLATE V. 


Fig. 42.—Part of a section of the germinal disc of the rainbow trout, five hours and 
fifteen minutes after fertilization. 

Fig. 43.—Part of a section of the germinal disc of the rainbow trout, seven hours and 
thirty minutes after fertilization. 

Fig. 44.—Vertical section of the germinal disc of Ctenilabrus, showing the two pronu- 
clei. Magnified 1120 diameters. 

Fig. 45.—Vertical section of the germinal disc of Ctenilabrus, showing the first seg- 
mentation spindle (mother star stage). 

Fig. 46.—Vertical section of the germinal disc of Ctenilabrus, showing the first seg- 
mentation spindle (metakinesis). 

Fig. 47.—Vertical section of the germinal disc of Ctenilabrus, showing the division of 
the first segmentation nucleus. 

Fig. 48.—Outline of a vertical section of the germinal disc of Ctenilabrus, after the 
formation of the first segmentation furrow. The segmentation nucleus is 
divided into two. 


Figs. 42 and 43 are from Boehm (’9L) and were drawn four times the size of the origi- 
nal. Figs. 44, 45, 46, 47, 48, are from Agassiz and Whitman and are four times the 
size of the originals, except Fig. 48, which is somewhat smaller. These figures have 
been subsequently reduced by photography. The nucleus in Fig. 45 is represented by 
Agassiz and Whitman ina surface preparation, but is shown here in section to harmon- 
ize it with the other figures. Riis 


OLD AND NEW SUGGESTIONS CONCERNING ARTI- 
FICIAL FERTILIZATION, WITH A METHOD 
OF HANDLING ADHESIVE EGGS. 


BY JACOB REIGHARD. 


PROFESSOR OF ANIMAL MORPHOLOGY, UNIVERSITY OF MICHIGAN. 


The preceding account affords an opportunity of restating some long 
known but apparently little heeded precautions that must be observed to 
secure good results in artificial fertilization. At the same time it yields 
some new facts that may be at once turned to practical account, and it has 
resulted in devising a means of handling adhesive eggs that it is hoped is 
-of practical value. 

1. The milt (of wall-eyed pike or whitefish) that has been mixed with 
water for one minute should not be used in fertilizing eggs. 

The reason for this, as pointed out in the preceding paper, is that a large 
proportion of the spermatozoa are dead in water at the end of a minute. 
This fact has long been known but has certainly not always been heeded 
by practical fish culturists. It holds true as far as observed for all fish 
that spawn in fresh water, but the time has not previously been determined 
for the two species named. 

2. The milt may be kept in good condition for several hours in almost 
any sort of receptacle, provided it is not mixed with water. This fact has 
also been long known. It may at times be of practical value when the 
‘male fish are not to be obtained in sufficient numbers at the same time or 
same place with the females. Milt could be then collected at some other 
time or some other place and kept or transported. 

3. The milt kept as above will retain its vitality longer if kept cold; it 

may even be frozen. The spermatozoa in the testes remain active longer 
than those in the milt (Quatrefages). 
_ 4. The eggs should not be washed before being brought into contact 
with the milt. ~ The washing removes the fluid which bathes the eggs when 
laid and this’fluid serves the purpose of attaching the spermatozoa 
temporarily to the egg and of thus facilitating fertilization. 

5. The egg should not lie in water for any length of time before 
fertilization. It was pointed out in the paper that eggs that lie in water 
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become rapidly incapable of fertilization, owing to the formation of the 


perivitelline space. This fact has been known since Costé. The table — : 


given in the paper shows the rate at which the wall-eyed pike egg becomes 
incapable of fertilization. i 

6. The eggs of the wall-eyed pike should not be allowed to he for more 
than a few minutes in water containing milt. This water is alkaline, does 
not dissolve the cortical drops and eggs that have been subjected 'to its 
action for any length of time do not form a germinal disc and do not 
afterward develop. 

The following experiment will serve to illustrate this: A batch of 
perfectly fresh eggs was fertilized. A dozen eggs were removed at once to — 
a watch glass and washed and were kept under observation. The forma- 
tion of the perivitelline space and polar bodies went on normally and at 
the end of two hours and forty minutes the eggs were all undergoing the ~ 
first segmentation. 


The remaining eggs were left in the diluted milt and were then washed 


up and left for twenty-four hours in clear water. Twenty-six eggs were — 
then taken at random and of these one was.found developing normally. 
The others were only partly “filled,” the germinal disc was not formed 
and only half the whole number of cortical drops was dissolved. 

In another experiment the eggs were divided, after fertilization, ‘ie 
two batches; one of these was washed up at once and placed in clear water, 
and the other left for two hours in the dilute milt and then washed up. 
About four hundred eggs of those washed up were examined and showed 
96 per cent of fertilized and developing eggs. About one hundred and 
twenty-five of those left in the milt were examined and showed only 14 per 
cent of fertilized and developing eggs. The eggs in this batch that were 
not developing were found to be only partly filled, to contain many corti- 
cal drops and only an imperfect germinal disc. They were kept under 
observation for twenty-four hours and did not develop further. 

In each of the experiments detailed above the eggs in the two batches 
were from one fish and were fertilized with the same milt. The only 
difference in their treatment was in the immediate removal of the milt in 
the one case and its remaining in the other case. 

Whether the same results would follow with the eggs of other fish is 
uncertain. It would certainly be bad practice to allow the eggs of any fish 
to lie in milted water for more than five minutes without having previously 
determined this point. 

7. The eggs should not be shaken. : 

With adhesive eggs, one means of preventing adhesion is # keep the 
eggs in motion. The following experiment was made to test the effect of 
this treatment. A lot of eggs were fertilized and divided into two batches. — 
Both were washed up, but one was allowed to stand quietly and the other — 
kept in motion somewhat vigorously in a shallow glass dish for half an hour. 
The motion was perhaps rather more violent than that which the men are 
accustomed to give to the eggs in the pails in order to keep them from _ 
adhering. After the eggs had begun to segment those in both batches 
were counted with the result that the eggs not shaken showed thirty-six 
per cent more fertilized eggs than those shaken. This was not due to 
visible mechanical injury to the eggs that were shaken, since the number of 
injured eggs was only one | per cent more than among those that were not — 
shaken. The experiment was repeated with the same results, but with less 


violent shaking the percentage of unfertilized eggs was less. The only) 2” 
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explanation of the matter that occurs to me is that the shaking causes the 
germinal disc to strike against the egg-shell and so injures the impregna- 
tion eminence. Since this eminence no doubt contains the spermatozodn 
its injury results in the egg remaining unfertilized. 

Under the limitations above pointed out artificial fertilization may be 
carried out in a number of ways, and indeed the practice varies among 
practical workers. If the milt is abundant and fluid, doubtless a good 
method is to take the eggs into a dry vessel and add the milt to them,. 
shaking the eggs enough to mix the milt with them. Water may then be 
added and after two or three minutes the milt may be washed off by fresh 
water and the eggs allowed to stand quietly. 

When the milt is scant in quantity and viscid so that it does not mix 
readily with water, it may be better to first mix the milt very rapidly with 
a small quantity of water and then add the eggs tothis. In the case of 
the wall-eyed pike, not more than thirty seconds should elapse between 
the time when the milt touches the water and the time when the eggs are 
added. This can best be done when the spawner and milter are both 
ready at hand before the operation is begun. 

A second method with scanty milt is to add the eggs first to the water 
and then add the milt. The advantage here is that the egg retains the 
power of being fertilized longer in water than the spermatozo6n yetains 
its fertilizing power. The disadvantage is that the albuminous fluid cov- 
ering the eggs is at least partly washed off and one element which insures 
fertilzation is thus diminished in value. Of these two methods the first 
is to be preferred if one can work quickly enough, the second where there 
is any doubt as to the rapidity of ones movements. 

Of course it is possible to take eggs and milt dry in separate dishes and 
then mix them with the addition of water at the same time. ‘This is the 
ideal method and the nearest imitation of the natural process but is too 
cumbersome for actual practice. 

Any of the methods here outlined require some modifications 1 in case of 
the adhesive eggs of the wall-eyed pike. 

Eixperience has shown that these eggs may be kept from adhering either 
by letting them lie in the milt for an hour or two, or by keeping them in 
continual motion, or by a combination of both processes. It has been 
shown that all of these processes are injurious. 

It was therefore a desideratum to find a method by which it might be 
possible to wash the milt from the eggs immediately and to allow them to 
stand quietly*in fresh water and still to obtain the eggs finally uninjured 
and not adherent to one another or to foreign objects. 

It seemed that this might be accomplished in any one of three ways. 
1, Some substance might be dissolved in the water, which, without 
injrring the egg or spermatozoOn, might still so act on the external egg- 
membrane as to destroy its adhesive properties. It is known that the 
spermatozoa live in weak solution of various substances and that eggs are 
not readily killed by many such solutions. A considerable number of such 
substances was tried in very weak solution. Among them were common 
salt, chromic acid, chromic acid combined with salt, ammonium hydrate,. 
potassium hydrate, sodium carbonate, sodium sulphate and egg albumen. 
All the experiments were fruitless and it is not necessary to detail them 
here. A mixture of salt and chromic acid destroys the adhesion of the 
egg permanently but the spermatozoa do not live well in it and the egg 
does not fill after its action. 
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2. It might answer to allow eggs to adhere to one anther in a mass and 
afterwards to separate them by mechanicai means such as passing them 
through a sieve. This method has been pursued as I learn from Mr. 
Stranahan, at the U. Se hatchery at Put-in-Bay, Ohio. 

A trial showed that the eggs when separated are distorted by the mutual 
pressure. Some are elongated, others are flattened and scarcely any are 
spherical. About ten to fifteen per cent more of the eggs are injured 
mechanically than by the process next, to be described. : 

3. It might be possible to add to the water some substance that should 
get between the eggs and prevent their touching one another. It was 
believed that the reason that the eggs did not adhere in milted water is 
that the heads of the spermatozoa attach themselves to the surfaces of the 
eggs and getting thus between them act like so many little buffers. The 
eggs are thus so thickly studded with these little bodies that they cannot 
touch one another and do not therefore adhere. : 

The alkalinity of the milt prevents the eggs from filling and it was 
thought that perhaps some other finely divided substance not alkaline 
might be placed in the water to take the place of the milt. Trials were 
made of egg yolk. After fertilizing the eggs they were placed in water 
containing egg yolk in a finely divided condition. The eggs did not 
adhere but they did not develop. Fine clay mixed with water was also found 
to be useless. The egg yolk probably failed through some chemical action — 
on the eggs or milt. It seemed likely that the failure of the clay was to 
be attributed to the fact that the fine hard particles cut their way into the 
outer egg-membrane and became so deeply imbedded in it that the eggs 
were able to touch one another and adhere. 

Corn starch was then tried. About one volume of dry corn starch was 
added to twenty volumes of water. The eggs were fertilized in the usual 
way and were immediately (after two or three minutes) poured into the 
starch water. Another lot of eggs was then fertilized and added to the 
starch water and the work was continued until the pail containing the 
starch water had been half filled. It was found that the eggs settled to 
the bottom of the pail and became thickly coated with the starch, which 
prevented their adhering to one another. The eggs could thus lie quietly 
and the evil effects of agitation were avoided. At the same time by being 
placed in the starch water they were brought suddenly into a large 
quantity of fresh water and the milt was thus washed off almost immedi- 
ately so that the water on the eggs was not alkaline. The starch in the 
pails settles slowly so that after ten minutes there is much‘starch in the 
water at the bottom of the pail and but little in that at the top. The top 
water may then be poured off and fresh water added, and the eggs and 
starch brought into contact with the fresh water by a few twisting and 
swinging movements of the pail. As the starch again settles the water 
may be again changed so that without using fresh starch there is a changing 
of the water every ten minutes (if deemed necessary). The eggs may lie 
in the starch water for four hours or longer, but at the end of two hours, 
they were usually washed up to free them from starch. They were found 
well filled and developing normally, they had not adhered to one another 
and did not adhere when transferred to fresh water. The starch appeared 
to have no other effect on the eggs than to keep them apart. | 

Counts of eggs treated in this way showed between fifteen and thirty 
per cent more of fertilized eggs than were obtained by the usual method. 

Here are two examples taken from a considerable number of experi- 
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ments. In each case a batch of eggs was fertilized and then divided into 
two lots, one lot was then treated in the usual way while the other was 
treated by the starch method. 


TRIAL ONE. 
By the usual method. By use of starch. 
ofseaaaVey chat ef ia sh aad UM paige a 112 63% 153 99% 
Pye redness 2 1% 2 1% 
Not segmenting------------ 63 36% 0 0% 
: ‘Siete ae zai Ce a 177 100% 155 100% 
TRIAL TWO. 
By the use of starch. By the usual method. 
BPomenting 2 Vissi is 81 30% 39 15% 
‘aE Ens § eM eaten Aa ae 18 6% 33 12% 
Not segmenting. .______-- 176 64% 190 13% 
Petaluma web. sik 275 100% 262 100% 


The first trial shows a gain of 36% (almost double the average) and the 
‘second a gain of 15% by the starch method. Three other trials gave each 
@ gain of 15% and a fourth trial gave a gain of 28%. By the usual 
method is meant that the eggs were kept in motion and the milt washed 
off rather slowly. A trial of the method of allowing the eggs to adhere 
and afterward separating them showed a gain of about 5% over the usual 
method, but a disadvantage of 10%-15% as compared with the starch 
method. 

Thus out of a considerable number of experiments there is an average 
gain of about 29% by the use of the starch method; so that the method 


certainly merits a trialonacommercial scale. It is always possible to 


handle a small number of eggs, as a few thousands, in such a way as to 
secure a very large percentage of fertilized and uninjured eggs. The 
extreme care in manipulation which is necessary to accomplish this can- 
not be used where the number of eggs is so greatly increased and where 
the conditions for working are so unfavorable, as is usual in commercial 
practice. By the use of starch, eggs may be handled with very much less 
trouble than by the methods now in vogue, so that the method may be of 
value, even-if it is found in practice to produce no increase in the number 
of eggs saved. 

In any trial made to test the commercial value of this method the eggs 


_ operated upon should be divided into two lots, one of which should be 


treated by starch and the other by the ordinary method. The two lots 
should receive identical subsequent treatment and should be finally 
compared. 

One such trial has been made by Mr. Dwight Lidell of the State Fish 
Commission at the suggestion of the writer. About three and a half mil- 
lion eggs were used. The starch method, used on nearly half the eggs, 
showed an advantage of about seven percent. The record does not show 
whether the two lots of eggs were taken on the same day or from the 
same catch of fish or whether their subsequent treatment was the same. 

cat matter needs to be tested by more extended trials under proper 
control. 


EARLY HISTORY OF THE FISHERIES ON THE 
GREAT LAKES. 


BY HERSCHEL WHITAKER. 


Stretching away to the northward from the low Laurentian hills of — 
New York to the trap-rock cliffs of Minnesota, for a distance of sixteen 
hundred miles, in a hydrographic basin embracing an area of one hundred. 
and seventy-five thousand square miles, lie the Great Lakes of the north- _ 
west, the largest bodies of fresh water upon the globe. Upon their bosoms 
float vast fleets which carry the rich products of prairie, forest and mine, 
while from their depths the fisherman gathers the rich bounties that 
nature has provided for the sustenanze of man. 
~ The vessels which constantly pass and repass are not freighted with ores. 
from the mines of Golconda nor with spices from far Cathay, but carry 
lumber from Saginaw, iron from Escanaba, copper from Hancock, grain 
from Duluth, provisions from Chicago, and cereals from the vast prairie 
lands of the Dakotas. 

Since the early days of the French occupation of the northwest, when 
the lilies of France waved over all the territory lying north of the St. Law- 
rence and Ohio and west of the Alleghanies, these lakes have been the 
great highway of intercommunication between the east and west. The 
Jesuit missionary filled with holy zeal departed from Montreal, the seat of 


French powerin America, in his bark canoe, manned by his Indian con- — 


verts, for the trackless wilds of the far west, to raise the cross and establish 
his feeble mission among savage tribes. 

Following him came the fur trader with his canoe and courrier du bois, . 
who day after day traversed these lakes and their connecting rivers to 


reach some specially designated place where he might exchange his tawdry _ 


gewgaws, beads and cheap merchandise with the Indian for the valuable _ 
skins of beaver and otter. 

The cavalier, explorer and adventurer traveled over their trackless wastes 
of water, enduring hardship and fatigue, living upon the bounties of 
nature, pushing his way to what he hoped would bea discovery of a path to 
the Indies, fortuneand fame. Each of these in his own way has left testi- — 
mony of the bountiful way in which nature has stocked these waters with 
desirable food, and the belief of all concurred that there was an unfailing ~ 
supply for man for all time, to be had for the taking. ; 

The habits of the tribes bordering these lakes, whose main reliance for 
food was upon the fishes that inhabited them, had caused them to resort 
to certain favorable localities upon the lakes at the proper season of the 
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year to take fish for present wants and for future use. In time these points 
became their chief dwelling places for the greater portion of the year, and 
ada the advent of the fur trader they became the principal places of 

arter. 

Such localities as theStraits of Mackinaw, Sault Ste. Marie, Green Bay, 
Chequamegon, Detroit and Chicago became thus early known, and the his- 
tory of these places as told by the early traveler shows that nature seemed 
to have lavished her bounties upon aboriginal man in the stocking of her 
waters with the most edible of fishes to provide for his wants. 

Let us call a few of the earlier voyagers to give their testimony upon 
the abundance of fish in these waters. 

Hennepin says in his Travels in 1675: ‘There is a very abundant fish- 
ery of several kinds of fish at the mouth of the Niagara river, among which 
is the whitefish, admirably good, with which you might supply one of the 
best cities of Europe. 

“At Mackinaw the Griffin lay in the harbor amid one hundred and 
twenty canoes going and coming from taking the whitefish which the 
Indians catch in nets in from fifteen to twenty fathoms of water and with- 
out which they could not subsist at all. 

“At the Sault the Indians subsist by hunting stags, moose or elk and 
some beaver, and by the whitefish which is very good and is found in yreat 
abundance, but this fish is very difficult to take to all but these Indians, 
who are trained to it from childhood.” 

He says, on his return from his first voyage up the lakes, and after the 
loss of the Griffin: ‘On reaching Lake Conti (Lake Erie) nearthe mouth 
of the Detroit river, the soldiers who were in canoes killed with their 
swords and with their axes more than thirty sturgeons which came to 
spawn on the banks of the lake.”’ 

Charlevoix, in his voyage to North America, 1721, in speaking of Lake 
St. Clair, the smallest lake of the chain which lies between Lake Erie and 
Lake Huron: ‘The islands in the river seemed placed on purpose for the 
pleasure of the prospect, and the river and the lake abound in fish. Were 
it not for the Hurons at Detroit the other tribes of Indians would starve. 
This is in the flat lands thereabout which would furnish them sufficient 
subsistence though it were cultivated ever so little, but they can subsist 
upon the fish of the river which are plentiful. We entered the Lake 
Huron where we soon had the pleasure of fishing for sturgeon.” 

Speaking of Lake Superior, he said: “The Indians from gratitude for 
the plentiful fish with which this lake supplies them, and from the respect 
which its vast extent inspires, have made a sort of divinity of it.” Speak- 
ing of Michillimackinas, he says: “The Indians live entirely by fishing, 
and there is perhaps no place in the world where they are in greater 
plenty. The most common sort of fish in the three lakes which discharge 
themselves into these straits are the herring, the carp, the goldfish, the 
pike, the sturgeon, the attikumaig or whitefish, and especially the trout. 
There are three sorts of these taken, among which is one of monstrous 
size, and in so great quantities that the Indian with his spear will strike to 
the number of fifty sometimes in the space of three hours, but the most 
famous of all is the whitefish, and nothing of the fish kind can exceed it.” 

In speaking of his trip from Mackinaw to Green Bay, he says: “We 
coasted the north shore of the Straits of Mackinaw and finally came to the 
Manistique river, which is a beautiful stream abounding in fish, especially 
the sturgeon,” 
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Captain John Carver, of the Provincial troops of America, in his three 


years’ travels throughout the interior parts of North America, says: “Lake 


Superior abounds with a variety of fish. The principal and best are the oes 
trout and sturgeon, which may be caught at all times in the season in the 


greatest abundance. ‘The trout in general weigh about twelve pounds, but 


some are caught that exceed fifty. Besides this a species of whitefish is. 


taken in great quantities here that resemble a shad in their shape, but they 


are rather thicker and less bony. They are about four pounds each in 
weight and are of a delicious taste. The best way of catching this fish is. 


with a net, but the trout might be taken at all times with the hook. 


There are likewise many sorts of smaller fish in great plenty here, and. 


which may be taken with ease. Among these is a sort resembling the 
herring that are generally made use of as a bait for the trout.” 


Speaking of the falls of Ste. Marie, he says: ‘Nature has formed % 
most commodious station for catching the fish which are to be found here: 


in immense quantities. Persons standing on the rocks that are adjacent 
to it may take with dipping nets about the months of September and 
October, the whitefish before mentioned at that season, together with 


several other species. They crowd up to this spot in such amazing shoals. 


that enough may be taken to supply, when properly cured, those inhabi- 


tants throughout the year. The fish of Lake Huron are much the same as. 


those in Lake Superior.” 


Carver arrived at Mackinaw at the beginning of November, 1767, after 
having been to the Mississippi river and up that stream as far as the Falls. 
of St. Anthony. He says: ‘‘We passed the winter very pleasantly at the 


Straits of Mackinaw. One of their amusements at this time was to fish 
through the ice for trout. Though the straits were covered with ice we 


found means to make holes through it, and letting down a strong line 


fifteen yards in length to which we fixed three or four hooks bated with 


the small fish before described, we frequently caught two ata time of © 
forty pounds weight each, but the common size is from ten to twenty 
pounds. The methed of preserving them during the three months the 


winter generally lasts, is by hanging them up in the air, and in one night 
they will be frozen so hard that they will keep as well as though they 
were cured by salt.” 


sf 
This may properly be considered as the first authentic notice of preserving 
fish by the freezing process, and while it is crude it still is as effective 


as the work now done by the immense freezers found in almost every 
important town on the lakes. 
George Heriot, deputy postmaster genera) of British North America, in 


his book of travels, published in 1807, says of Mackinaw, that the Indians. 


of that locality “catch herring, whitefish and trout, the trout being from 
four to five feet in length, some of which are seventy pounds in weight. 


This fish is bred in Lake Michigan and is known by the name of 
Mackinaw trout, and affords a most delicious food.” On Green bay he — 
says: ‘ There is a village composed of natives at the mouth of this river: 


who employ themselves in fishing.” 
At the Sault Ste. Marie, ‘“‘At the bottom of the rapids and among their 


billows which foam with ceaseless impetuousity, innumerable quantities of 


excellent fish may be taken from the spring until winter. The species 


which is found in great abundance is denominated by the savages attiku- — 
maig or whitefish. The Mackinaw trout and pickerel are likewise caught. 
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here. These afford a principie méans of subsistence to a number of the 
native tribes.” 

He also speaks of the method of taking the whitefish at this place m 
the rapids at the foot of the falls, which, singularly enough, is followed by 
the Indians to this day, and from its peculiarity deserves special mention. 
I give his own words: 

“No small degree of address as well as strength is employed by these 
savages in catching these fish. They stand in an erect attitude in a birch 
canoe, and even amid the billows they push with force to the bottom of 
the waters a long pole, at the end of which is fixed a hoop with a net in 
the form of a bag, into which the fish is constrained to enter. They 
watch it with the eye when it glides among the rocks, quickly ensnaring it 
and dragging it into the canoe. In conducting this fishing much practice 
is required, as an inexperienced person may, by the efforts which he is 
obliged to make, overset the canoe and inevitably perish. The conven- 
ience of having fish in such abundance attracts to this situation during 
the summer several neighboring tribes, who are all of an erratic disposi- 
tion and too indolent for the toils of husbandry. They therefore support 
themselves by the chase in winter and by fishing inthe summer. | 

“The Otter nation inhabit the rocky caverns on Lake Huron, where 
they are sheltered by a labyrinth of islands and capes. They subsist on 
Indian corn and fish and the proceeds of the chase. While the women 
and children collect berries the men are occupied in darting sturgeon.” 

Mr. Henry R. Schoolcraft from the time of the establishment of the 
military post at Sault Ste. Marie, was the United States Indian agent at. 
this point. He was a man of culture and of literary ability, and one of 
the most prolific contributors to the literature concerning the habits, char- 
acteristics and language of the North American Indians. He says of the 
whitefish at the Sault in 1820: 

“No place in America has been so justly celebrated as a locality for tak- 
ing this really fine and delicate fish as St. Marie’s Falls. This fish resorts 
here in great numbers, and is in season after the autumnal equinox, and 
continues so until the ice begins to run. It is worthy the attention of 
ichthyologists. Itis aremarkable but not singular fact in its natural his- 
tory, that it is perpetually found in the attitude of ascending at these falls. 
It is taken only in the swift water at the foot of the last leap or descent. 
Into this swift water the Indians push their canoes. It requires great 
skill and dexterity for this. The fishing canoe is of small size and is 
steered by the man inthe stern. ‘The fisherman takes his stand in the 
bow, sometimes bestriding the vessel, having a scap netin his hand. This 
net is made of strong twine, open at the top like an entomologist’s. When 
the canoe has been run into the uppermost rapids and a school of fish is 
seen below or alongside, he dextrously puts down his net and having 
swooped upon a number of fish, instantly reverses it in the water, whips it 
up and discharges its contents into the canoe. This he repeats until the 
canoe is loaded, when he shoots out of the tail of the rapids and makes for 
the shore. The fish will average three pounds, but individuals are some- 
times taken two or three times that weight. It is a great resource of the 
Indians and of the French, and of the poor generally at these falls, who 
eat it with never-ceasing appetite. It is also a standing dish with all.” 

Listen to his tribute to the edible character of the whitefish: 
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All friends to good living by tureen or dish, 

Concur in exalting this prince of a fish, 

So fine in a platter, so tempting a fry, - 

So rich in a gridiron, so sweet in a pie, 

That even before it the salmon must fail, - 

And that luscious bonne bouche of the land. beaver’s tail, ye 
x * * * * * * , 
’Tis a morsel alike for the gourmand or faster, 

While white as a tablet of pure alabaster, 

Its beauty or flavor no person can doubt 

When seen in the water or tasted without, 

And all the dispute that opinion ere makes, 

Of this king of lake fishes, this ‘deer of the lakes,” 

Regard not its choiceness to ponder or sup, 

But the best mode of dressing and serving it up. 


Sheldon, Disturnell, Strickland, Kohl, Hubbard and others all unite in 


saying that nature bere seems to have lavished her bounties with no nig-— 


gardly hand, so profusely are these lakes stocked with fish. 
From the time of the discovery of the lakes down to the time of the 


establishment of the Hudson Bay Fur Company, these inexhaustible sup- — 


plies were drawn upon only for the subsistence of the Indian tribes and 
the voyagers, but gradually they became, to a small extent, an article of 
commerce, the surplus being salted and sold in somewhat inconsiderable 


quantities. During all this time the northwestern territory was looked | 


upon as a source from which valuable furs could be obtained, and but lit- 
tle attention was paid to the fisheries of the great lakes. beyond what the 
immediate wants of those who lived upon them or near + hem demanded. 

Little is known at the early time of which I speak with reference to the 
fisheries of Lake Erie, because of its situation it was but little frequented 
by the explorers and fur-traders. Good reason existed for this condition 
of affairs. The bloodthirsty and cruel Iroquois, the most adventurous 
and warlike Indian tribe which ever inhabited the continent, held undis- 
puted possession of ull that wilderness lying about Lakes Ontario and 
Erie and adjacent to the Niagara river, which was a key of approach to 
the latter lake. 

The rivalry between the Dutch fur-traders of New York and those of 
the French was exceedingly intense in their attempts to control the fur 
trade of the northwest. The [Iroquois were incited by the Dutch to throw 


every obstacle possible in the way of encroaching advances by the French © 


traders and colonists. For many years the Iroquois, who by reason of 
their situation acted as intermediaries between the further western tribes 


of Indians, controlling in their own interests the fur trade between the 


Dutch and these tribes, fiercely resented all attempts at interference in this 


trade by the French. As a result of their attitude the great waterway 


communication between Montreal, the seat of the French fur trade, and the 
great northwestern lakes was closed by the [roquois, and communication 
with the upper lakes was made by way of the Ottawa and French rivers 


into Georgian bay and from thence into lakes Huron, Michigan and 


Superior. 


Meager, however, as the information is that we have concerning: the 


condition of the fisheries on Lake Erie at this early period, such informa- 


tion as we have shows beyond question that fish were exceedingly plentiful, 


especially at the Put-in-Bay islands and Sandusky bay. Dr. McCallum 
of Dunville, Ontario, at a meeting of the International Fish Conference, 
held at Hamilton last winter, exhibited to the me2ting two crude shellfish 
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hooks which were found on Point au Pelee, in the Province of Ontario on 
the north shore of Lake Erie. These hooks were presumably made from 


- the shell of the fresh water mussel. In appearance they resemble the > 


rude hooks employed for taking fish by the Esquimaux and other abori- 
ginaltypes. The shank and the point were in two separate pieces, having 
holes drilled through them by which they could be attached to each other 
with thongs, the hook itself being barbless. Their form and construction 
indicated plainly that if the aboriginal man was compelled to sustain life 
by means of fish taken with such an implement, the fish must have been 
exceedingly plentiful in this lake. Facts at hand would seem to indicate 
that Lake HKrie was in these early days bountifully stocked with fish, and 
although it has beensfished constantly for a very long period, it still yields 
immense quantities of valuable commercial fish. 

Blois speaking of the condition of the fisheries as early as 1835, in his 
“Gazetteer of Michigan,” says: “Their quantities are surprising, .and 
apparently so inexhaustible as to warrant the belief that were a population 
of millions to inhabit the lake shores they would furnish ample supplies of 
this article of food without any sensible diminution.” 

Looking at the matter from that period of time the writer was unques- 
tionably warranted in his assumption. But Blois could not have appre- 
hended at that time that the census of 1890 would show that in the six 
states surrounding the great lakes there was a population constituting 
more than one-sixth of the entire population of the country. Neither 


-conld he anticipate that the methods of preserving fish would, within 


thirty years from the date of this writing, make it not only possible 
but profitable for fishermen to follow their calling almost continuously 
during the entire year. 

Michigan statistics show that in 1830 the quantity of fish marketed in 
the State amounted to 8,000 barrels valued at $40,000. 

In 1836 the whole numbers of barrels taken amounted to 11,400. 

In 1837, to 18,500 barrels of the value of $125,800. Of this quantity 
one-fourth was consumed in the State and the rest was shipped to Ohio, 
New York and Pennsylvania. 

It will be observed that the reports of the catch and value of the 


‘commercial fish upon the great lakes are somewhat meager and desultory. 


The report of the Detroit board of trade for 1857 shows that there were 
Santa 80,000 and 100,000 barrels of fish taken in that year, valued at 
640,000. 

In 1885 the reports gathered by the Michigan State Board of Fish Com- 
missioners show that the value of the commercial fish taken in the State 
was about $1,500,000 at wholesale price. 

In considering such statistics as we have, we must take into account the 
uncertainty and unreliability that must necessarily prevail in their collec- 
tion because of the want of thoroughness and completeness with which the 
work was done in the earlier years. So, too, we must consider in comparing 
one year with another the varying conditions of seasons, which is a potent 
factor. Severe storms may prevail one year, while the next year may be an 


- exceedingly favorable one, and, therefore, their reliability i is much impaired 


and the basis upon which we must make comparison is *at best 
unsatisfactory. 
23 
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CAUSES OF DECAY. 


Until about the year 1852 the fishing industry on the lakes was prose- 
cuted almost entirely with gill-nets. Since then the gill-net fishing has 
continually increased until now the length of the gill-nets fished in Michi- 
gan waters alone, according to the last reliable statistics within our reach, 
amounts to l, 725 miles. 

About the year 1850 the pound or trap-net was introduced into the 
great lakes. Its use conclusively shows that it has been one of the most. 
destructive of fish devices, and is responsible for the great decay of the 
fisheries which has been observable during the last twenty years. 

Concerning the introduction of the pound-net into the great lakes, I 
am indebted to Mr. L. Anthony of Sandusky, O., for the following facts: 

“Pound-net fishing was first introduced by Messrs. Spencer and Court- 
land, two Connecticut men, at Sandusky, O., in the year 1850. The fish- 
ing with these nets was at first done in shoal water in the bays and rivers 
in a depth of about 10 or 12 feet.” 

In 1852 Mr. L. Anthony of Sandusky, in the fall of that year begat 
fishing with small bay nets, which was the first attempt. This fishing was 
done at Locust Point, between Toledo, O., and Port Clinton, Ottawa 
county in the same state, in a depth of nine feet of water. The fish were 
plentiful and the catch was remarkably large. He salted fifteen hundred 
half barrels of whitefish during this season, besides selling large quanti. 
ties to the farmers, who came to the fisheries from long distances. 

In the fall of 1854, Mr. Spencer, the gentleman formerly alluded to, 
together with other parties, including Mr. Anthony, conceived the idea 
that this plan of fishing could be successfully done in the deeper waters 
of the lakes. The first attempt was made by Mr. Anthony at deep water 
pound-net fishing, in the spring of 1855, at Kelly’s island and Put-in-Bay, 
in Lake Erie, Ohio, with marked success. 

In the year 1854 he did his first pound-net fishing in Lake Huron at 
North Thunder bay, fishing in 33 feet of water; fish were caught here in 
large quantities. There has also been some small fishing done near Lex- 
ington, Mich., which was not successful. 

In the year 1856 Charles Ruggles and Capt. James Bennett fished with 
deep water pound-nets in Hammond’s bay, on the south shore of Lake 
Huron, and also on the north shore of Lake Michigan. At that time this 
was the largest and most successful fishery in the whole country. At 
the Thunder bay fishery on Lake Huron, Mr. Anthony caught in one 
net in twenty-four hours, four hundred half barrels of whitefish. There 
were not one hundred pounds of other varieties caught on this occasion. 

In 1865, he commenced fishing with deep water pound-nets at the Apos- 
tle island, "Madeline island, Presque isle and Sand island in Ashland bay, 
off Bayfield Point, in Lake Superior, and these fisheries resulted in a 
profitable investment. 

From this date on the pound-net fishing increased beyond all conception. 
It is not infrequently the case that pound-nets are set in gangs reaching 
out from the shore a distance of three or four or more miles, and the 
destruction of fish by this method of fishing is immense. Unquestionably 
the fish ’so taken are superior to fish taken by the gill-nets because they are 
neg aaies alive until the nets are raised, but it takes everything, great and 
sma 
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No fishculturist should condemn the taking of fish if the fishing were 
done with judgment and with a due regard for the future. 

The iniquitous feature of the business is that the cupidity of the fisher- 
man overcomes his better judgment, and he takes from the water large 
numbers of small and immature fish that are of little or no value as 
merchantable fish. The result of this system of fishing is most destructive, 
tons upon tons of fish being thus taken which have never spawned, whereas. 
if they were permitted to remain in the water to reproduce their kind, 
artificial methods would be greatly aided. 

About the year 1868, Mr. William Davis of Detroit, patented a freezing 
apparatus for the preservation of fish. In that year about sixty tons were 
frozen in Detroit, and seventy-five tons in Toledo. This method of pre- 
serving fish was not very kindly received at first, but gradually grew in 
favor. Previous to this time, during favorable seasons, large quantities of 
fish were taken over and above the needs of present consumption, and the 
only means of preserving them was by the salting process, which con- 
siderably reduced their value. Gradually the freezing process grew in 
favor, and it was found by experience that fish might be frozen and held 
in that condition for any length of time. The result has been that in 
almost every important town upon the lakes which is the seat of a fishing 
industry, there are today one or more freezers with varying capacities, © 
most of which are exceedingly large. Their erection has given a great 
unpetus to the fishing industry. While formerly the lake fishing was 
prosecuted mainly in the spawning season, the methods of fishing have so. 
changed by reason of the opportunity offered by the freezer system of 
holding the fish for any length of time that now and for a number of 
years past fishing has been carried on in nearly every month of the year, 
and is only interfered with by the rigor of the season when nature closes 
the waters for perhaps a month or so, 

Reliable statistics furnished show that the following quantities of fish 
were frozen from 1869 to 1884: In 1869, 400 tons;1871, 600 tons; in 1872, 
600 tons; in 1873, 700 tons; in 1874, 600 tons; in 1875, 800 tons; in 1876, 
1,100 tons; in 1877, 1,200 tons; in 1878, 900 tons; in 1879, 1,100 tons; in 
1880, 700 tons; in 1881, 1,100 tons; in 1882, 1,300 tons; in 1883, 1,450 tons; 
in 1884, 1,600 tons. 

No information is at hand tor the seven years from 1884 to 1892, during 
which years it is fair to be presumed from the general knowledge we have 
on the subject, these amounts were very largely increased. 

The average number of tons per year for the fifteen years amounts to 
1,000 tons. Averaging these fish at 24 pounds weight apiece, the number 
of fish caught on an average for each year and frozen would be 800,000, 
and for the entire period of fifteen years it would amount to 12,000,000 
fish. This takes into consideration only the fish that were frozen, and my 
opinion is, that if there is any error in the above figures, they are much 
below the actualamount. But by far the greater quantity of fish taken are 
sent to market, iced, fresh, but not frozen. I believe it is within reason to 
say that the frozen fish will not represent more than one-fifth of the total 
quantity taken. 

When we consider this large number of fish which are being constantly 
taken from these lakes, we can better appreciate the serious inroads which. 
are being made upon the supply; and when we add to this the wanton 
destruction of millions of small and immature fish taken that are never 
given an opportunity to spawn, and when we further consider the large 
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number of gravid females, the roe of which is lost by this capture, we can 


begin to appreciate the problem that is set before fishculturists to restore 
this great loss. | 
- MEANS OF ARREST OF WASTE AND RESTORATION. 


If the wealth of the waters of the great lakes is to be maintained, 


nothing can be clearer than that this great waste, which has been going on 


for more than a hundred years and is increasing, must be arrested. ‘There 
are two methods by which this may be effected: 
1. Bya liberal and lavish stocking of the waters. | 
2. By the enforcement of just protective laws preventing the taking 
and marketing of unmerchantable, young and immature fish. ue 
As to the first point each state must act for itself in protecting its own 
interests in the fisheries. Weak and erratic efforts made now and 


then to make good the loss by the planting of a few million fish will not 


do. Withthe means at hand and with the information we now have as to 
fishculture, and with the small outlay of money necessary to carry on the 


work of artificial propagation, each State should see for itself that every . 


female fish taken during the spawning season in its waters shall have her 
egos taken from her, fecundated, and after being hatched, properly 


planted; there is no good reason why thisshould not be done. and if the 


states whose interests are involved will take immediate steps to carry out 
this line of policy, they will have taken’a step in the proper direction for 
the maintenance of their fisheries. 

As to protective laws, let me say this: No laws should be passed which 
should rob the fisherman of the right to follow his calling within legiti- 
mate means. If our work means anything it means that we are engaged in 


an undertaking which, if properly conducted, will result in a direct benefit — 


to the fishermen and incidentally in great benefit to the people at large in 
the maintenance of a cheap and wholesome food. With this understand- 
ing of the conditions, fishermen should be willing to submit to such just 


ae) 


and necessary laws us may be required to prevent destruction of young > 


fish which are of no special value for their purposes, and the destruction 


of which means the ultimate decadence and extinction of their means of ~ 


livelihood. So far as uniformity in laws can be secured regulating the 
fishing in the different states, they should be made uniform, but experi- 


ence seems to indicate that the fault lies not in the number or eftective- — 


ness of statutes, but in the inadequacy of the means which have been 
used to enforce them. 

Most of these laws are inherently defective because of the attempt to 
build up a warden system by counties, allowing the compensation of war- 


dens to be fixed by the boards of supergisors, who, asa rule, will grant no _ 


compensation, or one which is grossly inadequate, which results in making ~ 


the warden system of no effect. New York has without doubt the best 
warden law of any state in the union, because the pay of her wardens 
is sure and fixed. 

The ideal law would be one giving authority to the board of commis- 
sioners of each state to appoint a chief warden with such deputies as he 


might require for a proper enforcement of the laws, whose compensation 


should be sufficient to secure the services of good men who should be paid 
by the state. The state might be districted, but in that event each war- 


den could exercise the functions of his office in some district other than — 
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the one in wich he resides, thereby removing him from local influence in 
the administration of his duty. 


*, The states should make and enforce their own laws. No other power 


can do it so effectually and well. Their legislatures are familiar with the 
necessities of their states, are quick to respond to the wants of different 
localities, and by frequent contact with their constituencies know their 
wants. 

If a general awakening of the lake states can be had as to the necessity 
of proper action to maintain their fisheries as above suggested, there is no 
reason why the great food supply furnished by these waters may not be 
maintained at least in their present value, with a hope of future increase. 


STATE CONTROL OF STATE FISHERIES. 


BY HOYT POST. 


At the last meeting of this society, just at the close of the session, there 
-was hastily adopted a resolution, prefaced by four whereases, upon a sub- 
ject matter which has since attracted considerable attention in certain 
quarters. | 

This resolution related to petitioning congress to assume the work of 
protection and propagation of fish in the waters of the great lakes, and the 
whereases suggested taking this work out of the hands of the several 
states which are now conducting it, it is said, “‘with slight probability of 
ever arriving at a harmony of action,” and placing it in the control of the 
federal government, which, it is stated, could, “with its great scientific, 
mechanical, and financial resources, its power to make agreements with 
Canada, and its ability to enact and enforce regulations,” ‘undertake this 
work with far greater results’ than have heretofore been attained. This 
resolution was a source of surprise to several of the state commissions, 
and especially to that of Michigan, which took prompt action upon it. 

In October, 1891, a meeting of the fish commissioners of New York, 
Pennsylvania and Ontario, with representatives of the United States 
commission, and some others especially interested in the subject, was held 
at Fifth Avenue Hotel in the city of New York, the object of which was 
stated to be the “protection, preservation and propagation of food fish in 
the great lakes.” 

This meeting appointed a special committee which met at the chamber 
of commerce in Rochester, New York, on November 10, 1891, at which 
meeting a series of resolutions were adopted: which were afterwards 
reported to the final meeting at Hamilton, Ontario, December 8, 1891, and 
there finally adopted. The portion of the ‘resolutions which pertains to the 
matter under consideration in this article is as follows, viz.: 

“Resolved, That this body disregards with disfavor any movement look- 
ing towards the turning over to the United States government of the work — 
of the state commissions in propagating and planting commercial fish in 
the great lakes. 

“That the jurisdiction over the State fisheries belongs naturally to 
the adjoining States whose interest in their success is paramount to that of | 
the United States as a whole; and 

“That there is an abundant field for the concurrent action of the border- 
ang states and of the general government, and anything which would 
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detract from the state’s interest in this matter will be detrimental to the 
end aimed at, of restocking the waters of the great lakes. 

“And we recommend a course which will ,encourage and stimulate 
greater interest and larger expenditures in thi¢ great work by the several 
bordering states, and at the same time increased interest in the subject by 
the United States fish commission ; 

“Resolved, further, That this body earnestly approves of the action of 
congress in making an appropriation for the establishment of a hatching 
station on or near the St. Lawrence river for the propagation of whitefish 
and other commercial fish; and of the purpose of the United States fish 
commissioner to carry out the provisions of that appropriation; and we 
see nothing in this movement that can in any degree interfere with the 
jurisdiction of the states in the premises, or to affect in any way unfavor- 
ably the work of the states in the protection, multiplication and distribu- 
tion of valuable food fishes.” 

Afterwards the same subject was again brought prominently into view 
by the introduction in congress at its present session of the Lapham bill, 
so called (H. R. 5030), entitled “A bill to regulate the fisheries and for 
other purposes.” This bill related on its face to the taking of menhaden 
and mackerel with purse seines along the sea coasts and shores of the 
United States and adjacent islands and in the bays, harbors and estuaries 
thereof, but it contained an insinuating reference to the great lakes. Its 
evident aim was to extend the jurisdiction of the federal government over 
fisheries in waters which are within the exclusive jurisdiction of the states. 
This bill received such energetic opposition from the states of Maine and 
Massachusetts, aided by the board of fish commissioners of Michigan 
and other states, that the committee on merchant marine and fisheries, 
to whom it had been referred, decided by a vote of seven to six that it was 
unconstitutional. 

Thereupon the promoters of said bill caused a new bill to be introduced 
which was known as H. R. 7553 and which was identical in principle with 
the former one. This bill was afterwards unanimously decided to be uncon- 
stitutional. 

The plan of interesting congress and the federal government in the 
matter of federal control of the protection of the commercial fisheries, 
has attracted considerable attention at various times for several 
years. From a superficial survey of the subject it seems to 
those not thoroughly informed, very desirable because of its tend- 
ency towards uniform rules and laws governing all the fisheries. 
Consequently the matter has been often considered, and while 
at first blush it appears very promising yet the conclusion uniformly 
reached after careful inquiry is that it is impracticable because congress 
has no jurisdiction under the constitution over the fisheries in waters 
which are within the boundaries of the states. A thoughtful considera- 
tion of the whole subject, however, convinces most persons that it is also 
undesirable as well as unconstitutional. . 

October 17 and 18, 1883, an interstate convention of fish commis- 
sioners was held at Detroit, and at the request of the Michigan board, 
Otto Kirchner, who was then Attorney General of the State, examined the 
authorities and announced to the convention his conclusion that 1t was not 
within the powers of the federal government to assume control of the 
fisheries in waters within the state boundaries. 

- Within the present month John Z. Rogers publishes over his own signa- 
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ture in Harper’s Weekly of May 14, 1892, an article in which he oe nee 


forcibly depicts the rapid decrease in the catch of codfish, mackerel and 


lobsters within the past tep years, and shows that the depletion caused by _ : 
the destructive methods of fishing has resulted in the ruination of the — 
business, and concludes, as so many others have, that the remedy lies with | 


congress passing laws for the protection of the fisheries. 
In view of the precedents upon the subject and the repeated decisions 


of the courts that congress has no authority over the matter, it is surprising — 


that people of intelligence should so persistently fall into this error. The 
right of the state over the fisheries in waters within its borders has been 


the subject of frequent decisions of the courts of this country, and those — 
decisions have been uniform and without conflict or variation in favor of © 


the exclusive jurisdiction of the state authorities. These decisions are not 


confined to the state tribunals, but the most potent and forcible of them — 


were enunciated by the supreme court of the United States. This 
unbroken line of decisions commences as early as 1823, with, the case of 
Corfield v. Coryell, 4 Wash. C. C., 371, and comes down to the recent case 
of Manchester v. Massachusetts, 1389 U. 8., 258, and embraces elaborate 
and exhaustive opinions of such eminent jurists as Washington, Story, 
Marshall, Curtis, Waite, Bradley and Shaw. 


The right of the state to control its own fisheries is sustained by the 


courts as a property right, and as an incident to the ownership of the 


soil beneath the waters, which has never been ceded or delegated to the — 


United States, and it is held that the state may exclude citizens of other 
states from using said fisheries and may regulate their use at its discretion. 

It has been sought again and again to uphold the right of federal 
supervision of the fisheries in navigable waters under the grant of power 
to regulate commerce; but this has been uniformly and repeatedly over- 
ruled by the courts. The possession of a United States ‘fishing license” 
has been set up as a defense for the violation of state regulations; but it 


has never been sustained. Legislation by congress has been urged on the 


ground that citizens ofeach state should have equal rights with thecitizens __ ue 


of the state in which the waters were, of fishing for floating fish in any navi- 


gable waters, but the power of congress over the matter has been uniformly 


questioned and ultimately denied. Such a bill was introduced at the first 
session of the forty-ninth congress, and was numbered H. R. 4690.. It. 
was referred to the committee on judiciary and was reported adversely. 
The report was drawn by that able constitutional lawyer, J. Randolph 
Tucker of Virginia. The conclusion of that report is, “that the navigable 


waters within each state belong to it, subject to the ‘paramount right of | 


navigation, for the benefit of its own people, and it has the right to secure 


the exclusive right of fishing in them to its own citizens by virtue of their 
common property in said waters, and that the citizens of other states — 
have no constitutional right, nor can congress confer any, to participate in’ 


fishing in them.” This right of the state is treated as a property right 
and not.a mere privilege or benefit of citizenship. 

It is worse than useless then to look to congress or to invoke the 
_ authority of the federal government, to protect or control or to interfere 
in any way with the regulation of the fisheries within the states. It has. 


no power, no authority, over them, and cannot possibly acquire any short 
of an amendment to the constitution, which could never be obtained. It © 


isa state matter, and the state alone must be looked to for its proper: 
administration. The sooner this becomes generally known and recognized 
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the sooner will people cease chasing this iqnis fatuus and direct their undi- 
vided attention to the proper authorities to correct the evils complained of, 
and by placing the duty and responsibility where it naturally and of right 
belongs, will more surely accomplish the desired ‘results. 

Federal control of the commercial fisheries is not only unconstitutional 
and therefore impossible, and incapable of enforcement; but itis eminently 
undesirable and unnecessary. 

To properly frame the laws necessary for the regulation of Aen ee and 
the protection of the fish from indiscriminate and exhaustive slaughter, 
requires intimate local knowledge of the innumerable differences of 
temperature, climate, fish food and habits, of varying spawning periods 
and the feeding and spawning grounds, as well as the various and con- 
stantly changing methods and devices of the law breaker. These laws 
must have the moral support of local public opinion; they must be wisely 
drawn and promptly and discreetly enforced; they must admit of proper 
discrimination to avoid hardship; and any mistakes or defects be capable 
of prompt remedy, to adapt the penalties to the varying circumstances, 
Defects in the fisheries laws to adapt them to the widely varying surround- 
ings of particular localities will be more suitably remedied by a speedy 
appeal to the state legislature, than by recourse to a distant and over- 
burdened congress. ‘The speedy and continuous vindication of the law 
against the repeated assaults by reckless and unprincipled fishermen, who 
are spurred on by the hope of great present profits, can far better be 
entrusted to numerous and easily accessible local tribunals than to distant 
and leisurely federal courts. While uniformity of rulesand regulations, 
which seems to many the highest and almost the sole desideratum, 
undoubtecly has its merits, it is manifest that a discriminating and readily 
adapted legislation, vigorously enforced by local officers, prompt to respond 
to public interests, will be more effective than general ironclad regulations 
made by a national fish commission and enforced by United States 
officials, practically irresponsible to local sentiment. Practical experience 
has demonstrated that anything in the nature of police regulation is, in 
the long run, better left to the control of local authorities, administered by 
local officers before local tribunals. Local self-government has long been 
recognized as the strongest bulwark of popular sovereignty and the surest 
guarantee of our free institutions. 

In strange contrast to the persistent advocacy here of federal control 
and supervision of the fisheries, 1s the course of our neighbors over the 
border. In Canada a determined effort is now being made to have the 
control of the local fisheries taken out of the hands of the dominion and 
given over to the provinces. 

In conclusion we commend the sentiment expressed and the course 
recommended in the resolutions adopted at the Hamilton meeting, quoted 
above, and which were formulated by the Michigan commission and 
spread upon its records soon after the adjournment of the last meeting of 
this society, as a refutation on the part of the members of that commission 
of the action of this society in passing the resolution mentioned at the 
beginning of this article. 
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FRY VS. -FINGERLINGS. 
BY HERSCHEL WHITAKER. 


Much has been said and more has been written in the last two years 
regarding the desirability of planting fingerling trout as against the plant- 
ing of fry, as a surer and more effective means of stocking the streams of © 
the country. The idea, like all new ones, has found ready advocates who 
have taken up the cry, until it has come to be believed that there is real 
foundation for the claim, and that it is a mistake to pursue further efforts 
along the line of fry planting. To those who have had experience in fish- 
culture and are familiar with the results of the work done for the past ten — 
or fifteen years, I think the claim of the fingerling advocates does not — 
appeal very strongly, but with the unthinking ones it has met with more 


favor than it deserves or would have received upon a full and thorough 


investigation. 

In considering this question we cannot fly in the face of past great suc- 
cess as the result of stocking waters with gry, neither can we disregard 
the fact that if plants are made of fish ata fry age we have attained the 


maximum of outputat a minimum of cost. That the cost of raising fish 


to the fry age is cheap no one can deny, and that it has been eminently 
successful is beyond refutation. This being admitted let us recall for a 
moment past experience and see what has been done and what has resulted 
from fry plants. 

No stronger argument can perhaps be presented on this point than the 
remarkable success attending the restocking of the shad rivers of the 
Atlantic coast, which have been restored from a point of great decay to a 
condition where the fishing is profitable. This is emphatically the case 
with some of our salmon rivers, and noticeably the Penobscot, where the 


run of the salmon had almost entirely failed. The papers devoted to ang- : 


ling and fishing interests have shown that for the last three or four years, — 
or perhaps more, the salmon are beginning to return to this river, and the — 


spring accounts of the fishing at Bangor, made daily, show that the stock- 


ing has been a success’ beyond all question, fish being taken as high as 
thirty pounds weight. The salmon and shad being anadramous in habit, : 
the fry have had to run the gauntlet not only of their natural enemies in 
the streams which they frequent but of the countless enemies of the ocean _ 
where they remain for the greater partof the year. Notwithstanding this 
condition of things the results speak for themselves. 

So much as a brief statement of what has been done in the sea coast 
fisheries of the country, and now let us consider for a moment the results 


of inland fry planting. It seems scarcely necessary in a body of this kind ~ 
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that I should call attention to the numerous and almost innumerable 


inland streams of the New England, middle and northern and northwest- 
ern states which have been restored from a decimated to excellently 
stocked streams. But let us go a step further. There never was a fairer field 
for the demonstration of success in fry planting than has been afforded in 
my own state of Michigan. Prior to 1841 the lower peninsula of Michi- 
gan was practicably a zoological desert as far asthe brook trout was con- 
cerned. Fry planting has been going on under the efforts of the Michi- 
gan fish commission for the last eighteen years, but it cannot be said to 
have been adequately done in point of numbers until the years following 
1880; yet for ten or twelve years fine trout fishing has been had in more 
than half of the counties of that. peninsula, and with the advent of this 
spring the number of streams opened to public fishing has been largely 
increased, untilit may now be said that brook trout can be had for the 
taking in fully two-thirds of the counties. This isin some measure true 
of the state of Wisconsin. 

The Saranac lakes in New York furnish another evidence of the success 
of fry planting of whitefish under somewhat adverse circumstances, the 
lake in which they were introduced being filled with their natural enemies, 
and yet from asmall plant made in this lake about the year 1885 we learn 
that adult fish have been taken. 

All fisheulturists who attempt to keep up their stock of parent fish by 
raising a certain quantity of fry each year are familiar with the great 
mortality occurring at the period when the young fish has finally absorbed 
his food sac, and is ready to take the natural food provided by nature. At 
this time when he “‘rises” in search of this natural food if he does not find 
it he is compelled to take the artificial food prepared for him, and the 
difficulty of adapting his stomach to this food results in a loss which varies 
somewhat from fifty to seventy-five per cent. If the young trout at this 
period of his existence were allowed to forage for his natural food this 
mortality would be greatly reduced. There are streams that are well 
known in Michigan which have had plants of fry not to exceed five hun- 
dred in number which within three years from the time of stocking have 
shown up well, and today without further stocking afford good sport to 
the angler. 

Within the current month there appeared in the Detroit daily paper an 
interview with a prominent fishculturist who took occasion to say: ‘TI 
believe, and against great opposition have always maintained, that 100,000 
yearlings planted were more likely to live and thrive than 5,000,000 fry.” 
Making due allowance for the enthusiasm of the interviewed party and 
for the natural predisposition of man to defend his pet theories, let us see 
where these figures would leave us. 

We will start with 5,000,000 fry planted, and we will say that twenty- 
five per cent perished the first year, ten per cent the second year, and five 
per cent the third year. At the end of the second year after deducting 
the twenty-five per cent for loss, and estimating the number thus left to be 


composed of one-third females, which would cast on an average 250 eggs 


apiece, there would be added to the stock 281,250,000. Estimating that 
there will be aloss of seventy-five per cent of this number we have left 
70,312,500. At the end of the third year we would have 1,068,750 spawn- 
ing females casting on on an average 450 eggs each,amounting to 480,937,- 
500. Deducting from this amount seventy-five per cent for loss, and we 
have left 120,234,375. These added to the original plant, after having 
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deducted therefrom for loss on the original plant twenty-five, ten and five 


per cent for the three years, and we have left asthe result of a 5,000,000 
plant 193,753,125. 


Now let us take 100,000 yearling trout: At the end of the first year after a 


planting we deduct ten per cent for the mortality in the adult fish which 
leaves us 90.000. Of this number one-third being females, we would have 


30,000 spawning fish which would cast on an average of 250 eges apiece. 


This would give us 7,500,000 and deducting 75 per cent for mortality we — 


have left 1,875,000. _At the end of the second year after planting after 


having deducted five per cent. loss for adult fish, 85,500. One-third of ‘8 ‘ 


these being spawners, will cast 450 eggs, each amounting to 12,825,000. 


Deduct from this amount seventy-five per cent for mortality and we have ~ 


left 3,206,250. At the end of the third year after having deducted five per 
cent for loss we have left 81,225 fish. One-third of this number being females 
will cast on an average 900 eggs to each fish amounting to 24,367,500. 
From this amount deduct seventy-five per cent for loss, leaving 6,091,875. 

At the end of the third year we must also take into consideration the 
fry hatched from the fish hatched at the end of the first year which will 
have arrived at their first spawning age. This number will amount to 
1,875,000. From this amount deduct twenty-five per cent for mortality 
and we have 1,406,250. One-third of these being females leaves 468,750 
spawners which will cast 250 eggs apiece amounting to 117,187,500. 
Deducting from this quantity a loss of seventy-five per cent, and we have 
left 29,296,875. The above amounts added together make the total result 


of the planting of 100,000 yearling trout at the end of a three-year period _ 


amount to 40,551,225 as against 193,755,125 as the result of the fry planting 
of 5,000,000. 

Considering the results, therefore, of fry planting, from which practically 
all the results we have are due, we must assume that it has been eminently 
successful, and when we consider the cheapness with which this work is 
done it would seem that the ample success of fry planting is simply 
incontestable. 


‘ FISH PLANTS, 1891-1892. 
: Whitefish plants, 1891, from Detroit house. 
Name of waters. Where planted. Date. Number. 
LOL ALEC GLa Fees o HOR HOU FA Be eS eS a Manistee ise ae TEE AL: Mar: 80225: 4,000,000 
Ler) EG RCo) a Pes i Ay Baa ME SaaS South Haven fer pias ey aa: April 420s 4,000,000 
PECTS A CHL CTD elit ARTE BI a Grosse Pointe. aos St hg RUAN She 4,000,000 
pC SATE, (Se oh UWLDCOERay=4 90) «WM U ait WNC CeO UAL LUI DIA nea Aime Ya Ae a 4,000,000 
Hosomrenignmcss oni y tha Wins Uy Len ees Muskegon Jo OUR eee is Be tice Sdn 4,000,000 
RIOT LCA PATY toy rel ee ss Ie Ey) DbieOse phe sere BL BW ey Os mh AP Ae. pearl aa 4,000,006 
Pat koe MisCnipe ts four a ete Wa Meh ped ot ran ef Ort es pel iy an See Fete Epacgie he he 4,000,000 
eM Lei path ne eee LOY Ua My NE a Pontwatery ieee neat We ORI RO Mc pal we MAG, 4,060,000 
PSREINA WVU se LCR NG th ee BV GREY eee Ne eee UE NRA AN Ou, iitatteag « epuee al Ha 5,000,000 
MORRGP MI ICHIP AN cote Oso iS WA Pt Grand Havenses yg) Boe Sayin Gh oes het 3,000,000 
DOYS i AST OPS We INU AES IN RIN LES eC NY ab Wats) fs WU Rae PMN aL DNA aA ea A SP kG iia gy tects 3,000,000 
Pace Men Saray wisn Ad WV Mad) Grand Haveniscen ya ieee Aue hea VG (8 Me Aa iO 4,000,000 
Hama wrichiganM ee eC RUeE Me ee Ste Fosephy eae eee Gy asa Wp bist A 8,000,000 
PER OUITe MI ATs AES zie PRM eS) MuUskegcon. cr ie ons a Sie EEN yp > feerebigs ELL 8,000,000 
PICCOLO) yey etc ty cr PE Be aa Sand Beach nt 4,000,000 
Big Traverse bay Traverse City ___.._-. re 5,000,000 
BERG NICHI AT eC une: ie EON SC Ludington 4 4,000,000 
DAN ey 11 Ib 010 eg: be ON age a al AES a eg a a le Sonthy Haven ku eee Sony ek, pits Wy Oa ES 4. 000,000 
PERV LT SATY Spee ae EOE gi, Manisteo te nue eos MUAne ae? ae ran bo crt men 3,000,000 
Aras OL Mackinac. ce YG Cheboyaan iw kits Wa (eimae Nas bis AICP RY Sekhar Mgt 4, 000 ‘000 
Straits of Mackinac..--.-..-2 20 oe WE Pel arbape nya VepuMiupaltten ntl) Ae SAD ne 4 BUA STO NGANy: 5,000, 00 
AYIB Tor Orc koed oth Pin Mis ANN ee eae oh UD OR el Bayi Port yori aie eee ea ae SANA ROL EEE 5, 000 000 
Mittie traverse bay ss yoo bs IPBTOSKEY yet A ae. ely 23 neues Gaels 5,000,000 
Straits of Mackinac. 230 oe ke Mackin arti ia ee Ci One WORE ek ips yo mew a ti 5. "000, 000 
LCN ere a Cab oe so Ue MANE REECE OU Shae eps elect pa dma ie SK ag Sang: Beaches Va Oe mp aiyy Gta uur ase: 5, 000, 000 
HISULOL TLVer oe Ne Pe OAN Ree ei DOELOLG Unt aane sone Meenas: a gs eat 2,000, 000 
BT hoc man OCs IES DA RNID iad la deg) TOD APS PRIN eS AGA ae EY IO eR YS Ea Re SN 104,000,000 
Whitefish plants, 1892, from Detroit house. 

Name of waters. Where planted. Date. Number, | 

PIGUEOTE TLMOE re aCe eee eG wl coe ee Belle Islecsves wou wee ke be 1,000,000 
MAK GRE Digt A Mids Sr Abar ea Dre EES a! ly MM Onroe ne eRe Ee RE AR ia? | 2,000,000 
MUGS Un ied af page a Nabay oon et UO ae a South! Havent ey eS yee ins. 2,500,000 
MMs WELC I geaT se eRe oie 25 Manisteniin indie ca SOR die 2,500,000 
WS BU CRSA Ue Md EY Le Grosse Pointe. sig 3,000,000 
DIMRTOUPELVER sco uc he ete ee Grassy Island __..-_.___. ---.-_-- 2,000,000 
et enmcHe eS hl faa Pe oe oe Bndinstoniec vue Poe a aes 1,500,000 
PUEONE TEVOE UA wire ieee Ma as Ralid Fale cor i ovo Vous Bae 3,000,000 
Dake Michigan ey Pre RT Ore lO aa A iy de 3,000,000 
Mia) Nimes ritare rh) PL Wi NAR ht) Chevovean (eae ae naa tat Fee ee” 3,000,000 
Pairs Saclitcn ss hy Cie kn ety Grand Haven oo dean « Darcey li 3,000,000 
Aare Miron rei g ti (ill MA ee Sp Ws 2 ai Muakerome au wi ede SRS NYE SRC owe Hn %,000,000 
Tee RE PORN DIDTE aU es Ce cele lh Si en Sind Wedeh. CeCe ee satire ca A tiple oie 3,000,000 
BEARS SN ee re es FE Cit a An ee he EL AUS Gee tlt a 3,000,000 
Lake MIGINGAM 20. wou Udo Lh hs BHT WALOT eee ca eee aL ME equa hvonitp  Lebieoum ita a 3,000,000 
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Whitefish plants, 1892, from Detroit house—ConrinvueED. ) 


Name of waters. Where planted. Date. | Number. 
Straits of Mackinac. 2-2-0022 ea Mackinaw io) oe April las, O73 3,000,000 
Moake: Machimam seo sis mhiiiee Can sa ae os rank forts ianscn oa tis wee he bac same: Ms aM gear ss! - 3,000,000 
Dake St Cua Gee eee ie als ets HN aah mek Grosse 'Pointeyy i sus ee Ladrriee { oyeatibea sen) 4,000,000 
Racine Dalya: foo ee cee eI Se ie Wild Pow! Bays rose i es Adee be BESOIN SW 3,000,000 
fuake Bt. Claires cic) sol eels Pecos arte Grosse Pointe___._- PMS a Hs mie eB et --| 4,000,000" 
Oren a6 soi se ss a a BIE Rapier coe eo Seer patel bo eo IL _ 8,000,000 
Straits of Mackinace lou fol) es Mackinaw osc. 0ee a oP On died ba 8,000,000 
BO TIPS OS eT Ona Newporbs 2002 ae ee le Bee eee rk | 1,000,000, 
Harika EPOrOn cass AS Bn eo oak | Sand Beagh= suo ei eee wee Es en abe eee ne 3,000,000 
A We): W Peta aU Soa a gH GORA RARE SO SD AE RIPON Sd ALINE RDU et tac eT At ces OTs ORAM Ni kN Bo 65,500,000 
Whitefish plants, 1892, from Sault Ste. Marie station. 
Name of waters. | Where planted. Date. . Number. 
PAkOOUPEriGN {0s GoM) ST en en LG Warguette: (ue uee Waa san daa) April: 26 2.0oenis 1,500,000 
Take Michigans 2 ea og en Manistiqtec coer tame caea wiht May) 22: oa 2,000,000 
ABRe IS UPeTLOre ccs teow e ee eats Marqnetred lopes ova ha ee ia Lo pivenge shi 1,500,000 
SVU H ay) lei Bin Ge ese tl Nene eL Taquanicenones: saue bys cage Rileetic make ic sui 3,500,000 
Sault Ste: Marie river 2202 i223 Sault Ste: Marie.) 2) 16222022) ee: 
gl 05) ig 20 Ah Mat a fe NG cep RIN at ec eseee LSR AA IR aae en Nee Sale MILT men disable Pca a aM epee Mas gas Esk Ss. 9,724,000: 
Brook trout plants, 1891, 
County and name of waters. Town. Name of depositor. Date. Number. | 
Alcona: eo Dat 
West branches of Pine river __.| Killmaster _._______ H. M. Loud & Sons _.| May 26_______- 12,000) ee 
Blockhouse creek ___.-_-.-_.-_- ROGtsER! Meier ence ee Je We oMoring Sees a 26 aie 6,000. 
Merely Rae rere ee D. McGregor__._.___- ce LOS: pact 
Sucker creek COC Le ON eae fe 20 ues 25,000 
West Branch creek pA Bs Pixie econ ‘x QGercce ie 
Wolf creeko se na ioe ie aa Mitchell 2c Lawrence R. Dorr____| ‘‘ pe a alee ape MGM ast ce se Sane 
Silvericreek wo sea eas BUG swat seamehets wail thas anes Mm i reap peur Pa RARE a T5000. co eciies 
McGenn creek____.___ 2. i stl Uta ca en ee ft 4 BAM eal tiny PASTOR Tite, a it oe 
HN BC LOO Ly cee saa ua yas Haynes 2a21e2 es Addison Silverthorn.| ‘ PAIRS A ete St 6,000. y 
North and south branches of : be eA ay St 
Black tryers2) p30 ssc ee Aleona 222.2. Uo bs5 | J. Ll. Sanborn... __.- patter Jarwempita wet i Ps) it raters els 
Allegan: EON 
North branch of Rabbit river__| Wayland __________- Mites Stasis ih iS Feb. S19 eels 9,000 
batton’s brookwi ioc ok ke ra Hopkins). ooh Charles W. Button___| ‘‘ Qe oases | 8000 ke eS 
rows creek isin wee es Otsego 2 as Ed. J. Anderson. .____- oy TO ces : GUID ES em: 
Muneancreek eos eo ke ee PSS UNL ane HO CONT BORON aes a 19 Viens ete ate Ey eae 
Worrick’s creek. oust yuh de RGN aL eR J. N. Perkins..___._.- poping (Us bua tA 9.000 
Watson creek io. 2) Watson. 2202 ier ie Ue eal gene i beatae sf RO anaes ? 
Munn’screek iu 2S Otsego los len sy Conrad Brothers ____- April). 10s. 5008 
Ubltemicreeksic.d oy nee ee Rea Reet a menale Hs a es LRU: OE batianies 1! Soca iiae 
Olithord creek 205%) cas ys poy Otsego and Trow- oe 
bridge eu ie Cte ar ees, gi nyeen (| Posey ss 
DRY Creek 5 UN Martin ai ous ae J.D Kelley iss ocr 3. ee AO a 
Billingham creek___._-...2_2..-. ALIEN Ai eseAb ie Ase, Sih ‘ AMD ge RR AUR i dita Jae 
Alpena: 
Wine erpelke voor a hee ie Wilson __.. 2-2. | Henry Bolton ____-_-- Mar. 26.22.35. 
Beanereek 220255 cue hes Ossinelke 202 fase i BA etna se Vi YARk a A 
Norwegian creek ______..---...- Alpena oes: | Chris, O. Hammer 202} 998 
Bmith reels. ui es eee Green 220 22s DD, Aanover 25-22 ZO eee 
Spring lake and creek_________. Alpena viiana etmenacan Jas. R. Conway-_z---} ** QE ea 
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County and name of waters. Town. Depositor. | 
Antrim: 
Ori croecia yh. yikes ely a Banke soul ee ey C. 8S. Campbell. .____- Mar 
POAT TIVGRS er eS as Kearney and Man- 
celona .___.._....| Oscar W. Kibby-___--- ss 
Intermediate river. -_.._-...--. Kearney and Forest 
Home PA PLR EN ot by aL Pa 66 
Mhanryoreek: ees ee a Chestergis iss: Oo We Holly sue so iy 
Ssl@@niereek yi RAE Oa OUI aed ele Ud vi Pdf th gles IY MAW "i 
PIO yDENOke ee uN Rae dese UL MAL UNE fr hase poke eed WTS zt 
WOME everse cshale Bei Ll le Chestonia _2_.____-- Mich. Fish Com. _+__. nf 
Arenac: 
TINS g ehis a yp UA Ng GI Deep River____..__- A. Cs Maxwelliicl 2. iy 
WelisiOreek ye MOF AG uo) Pele ST 26 Rich. Ronnallie_____- ih 
Baraga: 
SUNY or a) ea a BO A I pe 1 bys: Wale: firaGinn ee eam ape Wm. L. Mason .____- May 
hier rire ee a hci ki BONE Hae uea Reins Ota Ns =i Sole alate eiNleys i 
Bmoerrivery co ec tt Ve so) 2 iden Mhnct Sree ae an Chas. M. Turner__-_._- o 
Barry: 
Yankee Springs creek _-_...__-_. Yankee Springs iB) AG Crus Ca beer Mar 
iassrcrogks. uo) sue ey ee ke EAT W. Rogers_____._-- bi 
Coldwater creek) oo le cee: Woodland and 
Carltonc. 2 iis 22. Oliver J. Wait_____-_- ie 
Dprang) Droo kes es Dr re Oe Ay John C. Baker. _____-- sf 
Wiuiicerrereakc ones ihe Ce oy Thornapple _____-_- John McQueen______- nis 
Wihite creek gy te die ey Pe Gopi bart end Aah ub Pai Are Mant 4 
Berrien: 
vtec eb gs c MRD ps ep ma Un Three Oaks___.___.- C. D. Brownell_--_:_- Feb. 
MPI CREAR Nee tec . nF AA hcl MRS Desh ot 
OW UB Cad et) al LHe Ne oan age he AUR a Watervliet and 
Bainbridge _______- A. N. Woodruff_.____- i 
Eodmons, creeki. 220020032 e- Benton & B’nbridge| L. T. Burridge.______- Mar 
Chadwick creek_________..___._ es ef A Say Lae tar ia ls stir i 
Meatman Crook wo eto eu ee ty i oy cert nice thas He 
Biue creek TANI eRe ASR TAR DRS oS “ec “ec 66 Sethe Ue ENE Nai Ney 66 
Sand creek HAUKAAS AAS AaRi Ea DP Lay “és 6s PE RAR ILA 66 
Pipestone Crealo teas ty cs ti nh EG NVA yy 
Brunson's Greek yo. hogs se F PA yee DSc f 
DREGE CTO Kice : oe oes kU Buchanan .._...__-. Levi Redden ____.___- f 
Valentine creek ____...__.-__-2. Galion ye wu oye Lip Jehriesiercss cy Feb. 
Peterbaurh: creeks ys Ws e oe! Berrien oie is | Walter Kepphart_____ ms 
Hickory creek______._ mide hye ees SON Vs. ua UC IRS aa i SE gare ‘i 
Townsend creek ___...._....---- Rea haw ales te iat noes ao s 
Galien river and branches .___. ‘Three! Oaks) ool Francis Y. Martin._._| Mar. 
Silver Semetra creek __________- Nites eshte na lia flak G. W. Dougan___.-._- fe 
Calhoun: 
South branch of Mt. Jack creek} Newton & Leroy---. es By Bowellissg epee! Feb 
Miseroll’s creek: (002) 72) ue Burlington .._..___- Ea amsby dey oe Naat s 
oster Spring brook_._-.-...-:_} Leroy ....-.-_-.---- A, R. Thompson.___-. te 
Mroaok Crock sso ool ws CNY IR ad UE ss SRR See i 
_ Branch of Pine creek______.___- RDA Beeb ise ar mak ad 8 if CAD ee A “ 
Woodruff creek. 22 kb Athense cs Se Ce Geo. W. Ferris ______- i 
SOONG CLEOK Sia eh Ay SUN Ae SPUN Ts oe hiveal Parsi yuts Oty + ST Men bs Cra i 
DIArLeMmproe ke ger ee een Battle Creek ._____- N. A. Osgood_._..___. Mar 
imons Crock 2. oe ef Realordee ese A Aas tee PNR ee 
Duden creek ow haa he Maple Grove _...___ ‘" ESS PAVER NG Hah a 
HH OBGER Creeks Foes Aa hat Sotitea AS Pa it rh Mien Wario phen Kg ‘ 
Malsby: Creek tine to Gasesing oe Pieroyy eye Re iy i eth oN el s 
Crystal creche (oe oe ee Leroy & B’ ttle Creek a Per en eet as tales hs 
Spring brookie 2) eee ae Se a am 2 eh NTR re 
Wahacon creek 228k suing bse Bedford hae soo Gay Rb arrig si ae kOe “f 
Gulfstream croékw 7 yeh woh PIMMebe Nee . MLD eerie ia a 
Seven mile creek! oe Bedrord wo ye ae " pat UAL fa Me NY Ar 
EXON DY GO ke oits oa aL eT UY Marshall _._.._____. ‘hy Sr TL Wo gy Loe A ny 
INGuImMan: DFOOK! 2 vel eee ey Emmet & Bedford_- e SNe Teh Sue) at ake es 
HIOLM ET CHECK. foe Oy Fe) amy Wot he MA OHS a 
Buco Creek si ha oad Te Marshall & Marengo| Thos. . Cronin. ____ ie 
Gillet aroréoki Gin yous iah iui Clarence seo iF. Oy Courter aiid bot: 
Cass: 
MPOn DTOOR iL sa nin wo leh WaAynelce oy E. Barton Jewell_____ es 
Ronsoy goreek. 20 kk eo) Howard & J efferson B. Dy Shaw suse ys Feb. 
Charlevoix: 
offman’s or Branch lake_____- Hudsoniae ewe, Timothy Carter.____- Apr. 


Date. Number, 
1 12,000 
man tS, \ 15,000 
seul 
16. e 
Cet 12,000 
16yo 
BOG 10,000 
by: Oe ie 15,000 
a GU 6,000 
67-777 ¢| 15,000 
Ges ue 15,000 
rien 6,000 
SOR ase 9/000 
Oe it 6,000 
le 6,000 
bo al A 
ein t 6,000 
1977727 ¢] 18,000 
AG ahr 15,000 
18 ee 5 
i Pe SL SR 
crane, 
rE ee | 45.000 
Eon 
18 ek 
RES / 9,000 
TOMO 6,000 
aan 
uri y 12,000 
rae 
TS oye 6,000 
gS SMa te 3,000 
aR 6,000 
at in ai 6,000 
gaiiren 
$4) on 9,000 
93.._2. 
rr aN 
nue: ‘ 6,000 
PAR 3) 

Devons 

meat 

git, ‘1 18,000. 
ve 

iho 

nae J 

racial 

; Lah aas f ’ 
Deine Gf 

Bis eon 6,000 
Die 2°00 
18 eh 6,000 
Dy win 9,000 
ANU Cn 15,000 
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County and name of waters. Town. Depositor. Date . Number, 

Cheboygan: 

Cedar creek. .___-.-------- pe esi Tuscarora _..--.---- Henry J. Graves..._-- Apr. 8 0s 10,000 

East branch of Sturgeon river_-| Burt and Ellis_____- aS eet oh Amant Ridatnto Megiaee ’ 

Clark creek. 2 HO gece ca ees W. H. Merritt_._.___- pM to Wate at 6.000 

Pallian Creek 2 cu ee ee Mentor ov at ‘ Ary pea Mt» Seen iaeeale } 2) ti 
Chippewa: 

Little ia Big Rapids_____.._-- Sault Ste. Marie.__.| C. Robotham-_-_.____- Or he ese 30,000 
“Clare: r 

Dock and Tom creek ___.._----_- Surrey co. ae Bi Se ROVBs gL rece. Mar. 30 ._...22.. 8,000 

Malbicreek ies 2 areas Sse Winterfield___..___- (Cairns i Smithiai2s: pret Crating on! |. 6,000 

Littlefield creek.......________- Suprey, cs hae as F. E. Presley -___----- $8. BO: Soke ere 9,000 
«Clinton: 

MOON Creeks eae Pees Ovid and Duplain_- A. M. ight kesy cer | Feb: 26 oie ; 12.000 

Bruicercreekitsicg eerie PN Duplain woe ae: bens vise pubes) ’ 

School Section creek_________-- Oi fed at ihe Rabutel id Goan Randolph ge) 26 eee ee 9,000 

mpning brook rr ee ay Bagieioicl esr oe Cassius Alexander.-_- Mar. Diguees ae ,000 

Tubulan’s creek ___-_--.----__-- Lebanon eal John Betts 2 7s wae DS Eg 3,000 
Crawford: : : 

East branch of Au Sable river_.| Frederic.._./..-.--- Blyjah Magee Lorin Apts 8i32 18 : 15,000 

At Sable riveree obit ee orien By CR Metts Od + DR debts Bow Rees anes Ne : 

Au Sable river 20002 jroo ee Grayling: 222s D. H. Fitzhugh-._.__- Miia W emuteneed sh. 25,000 
Eaton: 

Spring brook__..._ ..-.---_---- Baton cokes: G. W. Sherwood.--___- Mars 208 ares 9,000 

Stone Coal creek ._....---------- Oneida ceili ge J. CO. Holmes. snes lus NC Dt See 6,000 

Sand Stone creek_.___-..__----- Roe hice eats Alba alee eee pad Richard Lawson ...-- eRe wade 9,000 

Newkirk brook. ___-_-.-_-_-__-- ee RU BEM ape sues 2 Ale Marvin ose ea bse WENA ges 51 9,000 

SUL? Serene etek ae fe ee 8 Delta v.32" bee aca g Si diMillerigs feces bats slates ace 6,000 . 
Emmet: d 

PIP OTE de Leo Ain Nase Carp Lake____ _2.... J.C. Schmalzreid: > oS 16 sae 9,000 

Spring creek. icicle) CEA ps Maple River_____-_-. BS Hoyonew ass Che Biase be 9,000 

BVillow- brook sc 20s osc cece Maple Rv. & CarpL. M. F. Quaintance riginseaby Bonnets I tl cy fal i | 

Fountain spring brook-______-- ob: ny Ne Wi nati (0 feet abig S40 

Conway spring brook ___--_--_-- $e by ff tt CENT AD 9 RO) ec nea 

Wequetonsing brook._______--- BY ms ss af AG RLS, Weiler Aas ea ast dal 

Kegomis creek -_.---. ---------- vy i ye iy id Ni 0 RO ee ee 27,000 

Rave ercek.. a ieee a ae Ae ae e ee aan Visage sighs |W NCH NE OC | 

Harding creekil isl ccdkec oe hy a iy ee aE ech Ss WE ue ole 2 

Nadolskis creek _22.._-__---__.- of 4 re sf RA BO apace | 

Minnehaha creek ____.____-__--- Riera tf aa RE Po asiobs Vaile nce a : 

Maple river: s<e5usi ee alos, Maple River___-__-- B. Hawkins 325222. £0 30 Ee ees 9,000 
Genesee: i 

Thread creek. 22.22 22222 2-2 Le. Grand Blanc ____-_- Eli J. Jennings..____- ra bisen 8 bee : 9,000 

Kersley creeki. 00 225200 oe. AGAR ie eeu - Si el ae sheer a Wi Rye SS : 

Nickerson creek.________-____-- Mayfield____-..____- C. E. Brewster ______. hay ies (a Sane eet 9,000 
Grand Traverse: 

Mayfield creek_____-..-----.___- Paradise: i222 00 oe. C. E. Brewster --_.-.. Kream | jpaslec esr 9,000 

Payne creek __.-_.._- pee Ret Set Paradise and Fife L.| T. M. Wilson_____.__. VSS eG Lange ; 12.000 

Kiment creek) ore eo i < ee NUTS Weel ie WATE CRs TU elie ar gay a 

Elk lake and three tributaries__| Whitewater ____.__- H. H. Noble ._-. 2... cea Co MOND psa cc 24,000 « 

Whitewater brook.____.__-____- BSCS Sa a ene Frank H. Vinton____- yee (iene eat) : 12.000 

Baker Creek 720 set ea et aA BEAN Shc phn es Me be des Naas bps Uo eb ere i 
Gratiot; 

Pine creeks 2e3 2 Soe Sumner and Crystal!) J. B. Tucker Bish ead liek ae oe re ae en 9.000 

Perris creek (oa So Sas A BY =) a cht peta ania Riana cl Wes Deh pceacecient wa rtecnia | Sp u ein She Ce sae : 
Hillsdale: jet) 

Skinner’s creek_:_-2003.----22-- Hanovers 406-25 22% G. T. Greenshaw -___-- Feb. 23 25-232 . 

Greenshaw brook.____-__._-____- Ue aN eum paused: a Deherapermtived Se SEEDS espa Gea e 9,000 

Ramesdell brook. ___-_.2--_---_- nfo sy PUNE ee sitet moose s eva! PRS a ia ea ae 

Headwaters of the Kalamazoo 

and Grand rivers .-___.__-_.-- Moscow & Somerset} Chas. W. Harris_____- er oe Cech eh 12,000 — 

Porine: DrOOk a eee Hillsdale -__-..-___- Charles Morgan_____- Mar.18) 0.3 hee 6,000 

No name: 2002222 SOURIS Ta Ws cepts Seis teen sera a J. SAIN PSON Gee oN hw $855 1B ci Sc ARN 6,000 

Willow creek...___..--_-2 2-22. phe te een Ofc elie tay» Hod. Galesso2 0 228: idl to Rcqat open ; 6.000 

Spring brook 025000 ete ek Pan AC i Sie PE ay UR Nets Ref, sed rte epee tow goeee ps ¥ 
Tosco: 

Vaughn’s creek. 222 2222220 2L Lk Plainfield ...___.___- Warren S. Hodges.._.} ‘* 26 ___.__-_- 9,008 
Tonia: 

Bellamy creek._._.. .--.-__..... BKastons =) oe H. i. Bailey RANG a IES Keb Sapo 

Session creek____.___.~----.__.-  B Yo ad Un Ualpeaieeir clei MeN aoa ET Nbr ih Pree pe dies eer EE Parnes wee Aiea LI - 90.000 

Tibbitts, creek. See ae Bh ere SUN ea oe is SC nae Nite Suit Sieger shay ; 

Prairie creek tyre wey Ronald ceca is Rea Bean Died Aude aS pia ths Se snolanay 


Es tcl 
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County and name of waters. Town. Depositor. Date. Number. 
Tonia countu—cont’d: 
mamereraeke 0b. io lean rayne North Boston _-_--- Chas. D. Pease _.____- Feb. 72602 ue) 2,000 
Ghurch: creekic ue ON gaa Boston au soe ee A. W. Huntley _._--2-. SG OG ener ean 12.008 
BW Oreak ee Sots face aw Ly Fe a eat a pS on te SRM ap a sae ety | hAViliay Sunda es, ’ 
Tubulans creek_2.._....----.--- 1 Wiysgo} 0 Via tage cles are John Betts _____.____- sha iiiir-\a yagi aud 9,000 
Struble creek 22 Wiles ee Mie, hd Rit cope Ge Mae eA Oh a H. Hitchcock ___.___- Mars; 0 Satan \ 
East Libhant brook____-.__.-. re cae ea lg A Ah Deen Le Sad Ieee Be a Beige 
Wake DLOOKs foe see ee ie flag a ee Me Cp bot AWA bedi one Ou 6 she Ra Rakane fi 
Murphy’s brook ____---...-.---- Fon abs ibe A priate Us A Mini Sst iets aaa ma A a gees pa 12,000 
Spormeprook io. er ae Se Pa ca NeON Sse te ae tj iNet AEE SI ib. by Waals | 
Byrresbrooks. Woo Mikey CMe! Ah cig pent Ie ea RP IB als boca ale Ls iy Bipaen ON 
Soearney sbrook 222222003 WP Tee ean Meee vee 28 SHAN WINS War Geet Ut te ny Bean Jj 
aineialiiwereeke wo6 oh cure et Pi Boston: soso James W. Toles _____- PUAN Gabi icee noses t 3.000 
Motksrcreek «6 9) 00 ye ey buy hts ae S LASY Sah alae We TR OAT tite a ele ee gue YA pada ’ 
Meer-lick brook 222. 2.) 28a lube North Plains______- GeorgeA. Chatterton.| ‘' 28 ..__-2- \ 
POD PIOCTOO Ka ws ee oS ands lly lays pe ey hs i DT TE Abs Gabe a | 
Dugway creek.) 25 ysl Lebanon and North 15.000 
Plaing se hi ite YY Aart i? ONES Buk hiya A, ’ 
Carpenter’s creek ol MEE ME RS) Crystal and Ferris._ fe m4 AA bed ey Spl da | 
RSBTEISCOLOG Ke  ey NN North Plains______- . ty Atirrestnee Rian tisd 2) ry 
INOUE eC ey alee oe ee Portland’ 0) 228 Usd Maynardes eer een hoa 6,000 
Warby’a creek. J ee Derby and Sebena__} H. L. Benschoter____- Ma abt yeas eee 6,000 
eis 2) I Rye) cee nn a ey OTHE eee de HL Batley ee see ADP Tee ‘ 
PTO TOOK ene pera LEAL Pili = CN i AN LH ee me BAM ad itigd a ait Dy DOU vie * 12,000 
Grystalcroelk.. (3 ea be SE Re tl VNB re ESA) se clot hg A yi dtr 
Outlet of ihn ig lake ek Dany. sve eay Geo. D. Allen________- *f f ERE AT 12,000 
Isabella: 
McDonald OTOGK US Ce weenie Baile Vernon ole tenes eu Allen McDonald.____- Mar. Pini ion 6,000 
Geer prensa eee A GER AW Oa SINR J. H: Seeley _-_-2-..-2 Pr eet hse) 6,000 
bic Cedar.creekrs2.. | ee Fremont, 282 2 Geo. L. Granger-_._-__- Wachee Nr : 6.000 
Jonnson) creek. Joe. eh nes TOS ewes ous ML AE ROLLA A AU a RS Ua Re cela pl ida Ip Ras , 
Jackson: 
Farmers’ creek -.____- PROPANE aN 1 Palaskita eee eves Bane Keelericn sovgss s Peps; 2a uo aeanae 6,000 
MITT ETeek Cerca MAD en SOM ie eae Cu BiBash sgt HAN Vises Renata yas 6,000 
Outlet of Gillets lake.____. i Rison en kh Geo. E. Beebe _______- AS Dik we SFR R Rt 6,000 
Willow brook __....._.....@_..| Grass Lake_._..___- Samuel Campbell acon ee se 6,000 
Spring brook Se a ay Concord sy a wy PCy Courter... geo) Maren gene sees 4.000 
CIC LOOM alin Recline ob gis Ley OS Pea Torn D spy mk LeRUh gr Se SPI MaKe LMA se YR te) y 
Kalamazoo: 
Wavig oreok yu Wee a Ny Goovers. 23.22. Ed. J. Anderson___-_-_- acy) oN A a t 9.000 
ravis Crep Kee ed a Ch Vir able SCN RR neo ee a bight es LNCS ota Bo ges Mi As ; 
Coldstream brook..__._______.- Mant Gee acne Bi CrAdams geod) Seung A Obs eee Nr 6,000 
Shatters brook. 202702. Kalamazoo & Cooper... Wn. A. Glover ______- eee ROR att 
Parker rookie et we I) ES Ls te eS aa St 9.000 
Bieeper DTOOK oe oo coe +s ha s¢ at EAA ae ae ce ieee 6! Vater tral ; 
HOrINs OTOOwK Loe. yk ee nh OL - ss oe ie Ce DA Rae ee RS Meta Sa 
Wollier brooke 4 5c ey Kalamazoo .__.____- J. Frank Cargill ____- Saat ty PSL ane ANE 
North Stacy brook___-._-..____- Rich andy eR Dene Pe ye wh Ne Aan es Peet Oey aN, 6,000 
South Stacy brook...-22 2222222. Add Was ANCOR TES A ee oe SPOR time w ens Pah Lhe sans) 
Harrison’s creek 22) Prairie Ronde..._-. Thomas Hewitt _____. PA ea een ok 3,000 
Whitford. creek.___._..__._____- Charleston _._-__-_- H. Dale Adams. _____- eh ar Pee f 8.000 
Suamner creek 22. -2.....2.._-.... Comstock ..___..--- i phil Ney 7 URE On Seeks fee ee ; 
Boles or Stanley creek.________- Portage 2 koe Thomas Hewitt __.._- ined Re gb F 12,000 
Augusta creek 000 ck. Rosset ee eR ik Ghas Polleyy yo lo2)5 SO AIAL Res Stan e 15,000 
Kent: 
Davis creek-._____- Oar sity Algoma & Plainfield Neal McMillan ONE Hep toa: 
Rum ereek sie ges) oo LORY EGOS Aa TOL. Me Oda CAE CIR Rho re Ah cea ogly Ee hae 12,000 
Whitney. creektian Wo ees. oto. L es th ss RSM a RS Lan) Sea AG eA e 
Allonvereekwsc (ew tats! Mivome ica ois 2. te SH COOT LAD ea Gah Sriay Me RN eae Sty | 
PA TISEITA CLOCK ele POR Algoma and Court- pean 6° bytes f 
3 Tan Gee ec aan WSOP Nii reaanat FAN AO VA Cid ee Vit at SMO OMT. [ 12,000 
OAT Crpe eke eR Cannons. Lyn ese, pas 2361 A epi sn AN re Age CS ay HMA 
Hutchings creek______._.___._.- Alwomanisss ube. CoAT AN ee Ma hapa BY ie EO Ras J 
Downe Creek soe Bowe so soa Lewis Kelley .__-.---- Mee be at 22 A) 6,000 
raisted creek. 2222.2 ek. TO welll sinh eit Frank Braisted ____-. TAL a eran lee 6,000 
Hendricks creek__.__._________. Gaines. (ioe ACW Blain esi! Mare! 2. akong 3,000 
Cooley’s creek..._...._..-.----- Caledonian {i k238. Henry N. Cooley __--- Se i a Mee 3.00 
PYLORI CE OOK (fro) ROR Arai dN ote ta mae WE Ph gae DUP Chalets tuawer) YF Pee Nal Dark 8,000 
County Line creek...-_._...---- Bolo ego he hia We Crandall ogc i Febw 262300000 3,000 
Muro es Creok,. 0. fie ei ayes Algoma (i Cule oe Homer B. Stevens..--} ‘' 26_._.__. 
INGEHATITS DONG.) wt ue eu ie SS UNE WENO EYRE ‘ PAW HA Are OG Lan ent g 9,000 
Anderson’s pond __-._.___.___.- Courtland ..__.__._- Hi: SS Fah SCAR URN ee fa) 2 a 
Cieareréaks ho Wn vos Spencer..__...-___.- Tile Phelperss sul. Mary)o ee 15.000 
Wabsis creek and lake.________- Oakfield yee ke Oe Ad eae San ot Heo wey ; 
MPALGRICHOGk’ Uy ee wtih Sparta, Solon & Algoma] Arthur A. Place ___-_-_- My fem SS 15.000 
Silver creek. 24.3002 o L428 SRT AA ens RRNae Cab oe halt Bets o Sql ? 
CPPAIOHM CTOOK 00050 0004 sul Courtland, Oakfield a: 
and Spencer.-_---- Freeman Addis_-_----- bate Vii Fs Hay Mua WE 9,000 
Stlver créekij) 8 os Wyoming --_-.__.-- Davis ee ye Se Sea es 6,000 


Brook trout plants, 1891—ContTINUED. 


County and name of waters. Town. Depositor. 


Kent county—cont’d: 


Olbaricreche sic ey ees Saas Spartace sense COLO Darling sos 
Minksicreekes kn Beers en Alpine and Sparta._| Frank Baird_.____-__- 
Buck creek as pita Sense ie ae Wyoming ._ 02-2 l22- Ay A Onip pen iiss see 
Godan creck eye ey AlZOME wake Uke Ble W. R. Holden___.___- 
Ooedarcregkisei wie hie ee te Solon ea Le Bi Kea cna NSY SC 
Heeley creck eos ey he iss Grattan 5 S202 Ce. M: Slaytoni2.322% 
Snow creekoskous de wee Lowellsou3 2004 CEDs Pease sues oy 
Cherryiereeky so oN Rae Vergennes & Loweil ts URS aera, 
RoOphereek side Oe ie Thiowellisceest es os tania Biay Lome aes 
Chitren creek ota sa Cascade. cha sene i Teale GL asece 
Tributary to Buck creek ..__.-. Panis cc yew ie sl aie, Ne Bournage cles 
Lake: 
Silver CEGOK MGs eee ea Cherry Valley _.... | Jay Sprague___._____. 
Lapeer: 
Gutehes ¢reek ioe ee as Almont: Met ou? F. P. Andrus -__-.___- 
South branch of Mill creek___-_. Va dig Core weve sae Vastgutenayy Ue | Peter Holmes ___-___- 
Hemmingway and Elk creeks__| Marathon _________- John D. Brown-.-___--- 
Townsend creek_......-_. 2.21. Metamora .___-____. Tra seed (beens 
North branch of Clinton river__| Almont_......_____- Mon Martine: 2Se% 
Lenawee: 4 
J Biete\uty 1ye(2) <eene Iabaaiaee ai a gu pU Mn Ui ATE Hudsons sii ra ee James B. Thorn.____- 
i Brun rie Brg ay me aaiearele RUC OLA eke etary pai ty teaneustenen a ote AOR, bho RA ie CGS cae 
Pilisdale creek 200. So eve ee Recseatstet stash ti Aes Reta Bee a When eae 
Gleason brook___.._._..._...2..| Madison, Palmyra 
and Ogden.______- Myron D. Pierce =___- 
Gragg creek ..-_---L-. 8 STAD Seas Clinton ___. C. D. Keyes... -_ 22. 
Sinalley creek ok oe Clinton & Franklin. fe Ai here hele emt 
Bimalley creek iGo H. 'H. Halladay 2 .-._- 
Little Raisinrivers 2 oso Ridzeoewayee. dees T. H.Pemple: ve veevs 
‘Private pond oe a eS Hol aoe Se ee He Smith secee a 
Lawvingston: 
Appleton creek__.___..-____-__- Genoa & Hamburg..| C. E. Cushing __..__-- 
Walker creek -2 22 222.2 le Le ty st mf eaten ns eT 
West Woodruff creek______.___- Brighton! Soau HY shite Nese rts 
East Woodruff creek..._______- SiO eecatien ayfeiaee oy Pes Va oes wean 
SCHOOL CTOOK oo tases ag) Saal en) Hambures ees Will Gady ian Gave 
Leelenaw: 
Branch: of Cedarirune ) 2005204 | Bolen. ete James. G. Johnson __- 
Macomb: 
North branch of Clinton river__| Bruce... .--..__- Re Bs Owen ee 
East branch of Stony creek ___- SO AUS aca, MAS CENA 4 itoie atta Ce ER 
DTP SCO k ayy coe sees SS RSS KUNE CHUN ge BS PH Andrugt 2 ies 
Wilson’s creek...) ok. Washington _-______- Andrews and Stewart 
ING TINE Sie Sule ee ea all Harrison 325 ee Jes Harrar ai o30 ie 
Mackinac: 
Huriburtvhake ve. skeen fa ak St: Tenace were ¥F.. R. Hurlburt____-_- 
Tributary to Brevyoort lake____- Hendricks .._._2 2. M. Mulcrome.___._3_- 
MecGraw’s creek 222 c.u Holmes 2L8 eee W.L. Benham _____.- 
Mandlum creeks ce see Ret AHR UROL NE I we alii spear us st 
Sandigo: creek Aer ew es MRSA sabe Sits Pape Pe NN ze peel sc ee SR 
Manistee: 
Howlers creeks c255 2. oe Manistee 22200. Ale: G. ReVowlerke 20285! 
Beaver creek... 2222-2 LL. Maple Grove ____.-- F. A. Mitchell____.__- ; 
Spring creek oy. 2 we isu. hoa KS AER Steud a ST are ate eran 
ablevcree ke ees Wel iy a Cleon aia Wm. R. Smith Ae ENS 
East branch of Bear creek_____-_ age tr ese NEM SUSIO AR SS Vea 7 gy ere Za eel 
Sickels creek -.-.. 22k Brownstown __.___- HAS Bahrien 
Boyd's. creek silo i iis oie Martha ci eke anc: James H. Winters___- 
iPepples ‘creel (520 eo Se as | feilegap aa ttapelietes San ican eg 
Huddleston creek __---_--.----- oe Recent ty Saye a Slee ohne Hate ata an tie 
Sickels creek) 222 ie Brow John Sickels _.._.____ 
Marquette 
Silver creek. 0k a ee Ishpeming .___._._.| Geo. A. Newett ..____- 
Moekersal ly cies ea cael erases) asa a +f eae Sue h ae 
Nortrlakien elec ie Siew) eins 1 OD ite tg Signe SEAN Gate et SP a Gs Be Gay 
Green iCreely S20 ewe ie canis) Wown 47s ss ena ‘ Pe AA eal pt 
Pisin riven ena nip Uae Michigamme...____-. John C. Fowle _____-. 
Laughing F.sh creek -_____.__-- Oneto® fate Horatio Seymour __-- 
Dead RUVOR ce Oe Oa oy Marquette____..___- “n bb ontten iter 
Chocolay river______- CA a? Rata Chocolay 22200220022 re igsakea li Raat 
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Feb. 26 
Mar. 2 
66 my 
be 93 
66 26 
s 18 
6é 18 
ob 18 
66 18 
ee 18 
6c 18 
66 18 
Feb. 23 
Mar. 18 
Mar. 5 
6 5 
oe 5 
6s 5 
Apr. 4 
Mar. 16 
Feb. 26 
66 26 
6b 26 
Mar. 28 
May 8 
Apr. 2 
ee 9 
May 6 
66 6 
46 6 
Mar. 9 
66 9 
74 9 
Wie 0) 
sean 
66 9 
66 9 
66 9 
66 9 
ae 9 
May 6 
66 6 
ee 6 
66 6 
66 6 
66 6 
6b 6 
66 6 


> 


=e eee eae 


eee ewe | 


seen ent 


seme eee - 


mene sae 
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APPENDIX. 
Brook trout plants, 1891--ConrinvuED. 
County and name of waters. Town. Depositor. 
Mason 
Carr Adthtomant creek Jagd Ske Tran OMe ene) ie BH Barnette) 
(HENSON Creat et at DMOrmary hy ea ee James R. Barnes_.__- 
firne Btreaul | ue Le OA lh! Riverton Keble et ow Ue Erne & Kam Ueteer 7 uy 
NOT! CRORIC i pet ee ae wed nd any afi aeee eh Ap 
_N. branch of Little Sable river_| Victory___.._______- Jasper N. Clark_____- 
IN@WCTOGIS fun Ole Os ig AM DER Wwe Oe ae (Feorge Sindear____._- 
Spring creek___________ Baye eu Pilla ech oe ised EE Viale Ob ney en serie. 
Orarenvonoeicn pe OES | Riverton) s22208 wee. D. AC. Wickham AH DT 
Nickerson creeks.) e222 SPEDE PURE SLR ce HORACE EUR OMG BCA Ail LT; 
Mecosta: 
Hand yiereekin | oy ey ee Deerfield . 22.2225 0_- phen DOVE ye eee 
RANG Dro Ken wen es ul UME Alpert A r SA MRI os 
DiIslO Creo Key Le Ea ey bP attest al eel Bh su an se BY RT 
tevena stream... 222.2 Wantioldc ou Ly CE EON Rea ule A 
Manton creek le her bye Hinton and Morton] C. M. Helms ________. 
Simmons. creeks.) Jeb o bo ‘ Caen ts Si pa ule Pe 
Tellerhoff creek 22.0062 2302: Flimtoncs ees eh et py ies, eat ae Ae 
Hiberger creek <5) gs ys Deerfield & Austin_-_ of yl Ah ze tae eae 
Witigicrepkie wow ar ete Deerfield sae ev hie se y VER Ua ear ev 
Headwaters N. Br. of Pine river! Millbrook _.._____-. H. P. Blanchard _*__ 
Mack creek_________. ote OAT ou Le Macoata Oulton sy i George Reed ________- 
WeATISHNCTORK 2) 0 ol AUN ie 7 dee LGW 272) «LEP OR HIRO ee James Parkhill ______ 
Montcalm: 
Two small streams, no name___} Montcalm ____ ____- He Tae Batley eee 0 
PULEE Creel eA Mle ee! Pierson & Reynolds! S. V. Bullock ________. 
MeprIng | DLOOK Wu ieale | ee Ye? Daya ere pa rani RS Huet, iki. Ws apc ly 
Little Pine creek...___2---___- Ferris and Crystal__| J. E. Youndan ______- 
Town Line creek_____..-.___- 2. Winfield and 
Maple Valley} J. A. Barry .____._-___ 
SROHGH CTEOI NS eee ee olan ah Homereiiitol wtyiiig Wim. R. Jones_______- 
Brandy creek suey i es) Winfield ts soos Po Mi Wi elseye 20 un 
Dicksonucreek. Ue dy Douglass, Sidney 
and Fairplain ._._| T. I..Phelps ._-. 22... 
Wabasis creek____.___.._.--___. ITE Bas SoU Gh W. R. Holden ________ 
Tindianicreek. or ee eit, Reynolds e302 ae Oe Donald yi 
Muskegon: : 
Musquito creek___.....-_-_____. Eggleston ___-_2.-_.- (1s Gn es eae 2 
Boyne creek or Spring brook__-| Norton -.____._____- OO Pe Barcus ou! 
Daltomereoky sich Pye ae Montague _________. George Klett____..__- 
Maciz Grogkm urna sa ia dis). Uae Edgerton. W. Holden Ue Tay 
Big Crockery creek____..-._.._- MGOTIAN EG) LAWN ter union ubAp Anny) iter Mi y 
DUCE Oreoksaa tw een td Se eA! Muskegon .___..____ E. D. Magoon _______- 
Montmorency: 
OIC Gregicns sey de eho May U5 Rrrehasire yay ee Boos Gillman ees 
Wiabem creek: i h2M le goo NEN DR Bes UM PO eee “% SSCP ce RO RAED DATA 
MSOLEOTE CLOG ke att Tee) ee Na eh) WE iota ie a inion wu if ru rita sy 8 ORO. 
Avery creeknc ll su si Wa ih Pals igs Pep ic Ta py ag x BHA EOH WHKLEa: Be hd 
Ontlet to Turtle lake .___.____-. PEN abel ia pues UN Rie) hp re AMG Regn vith a eA a 
DORAL DONG stk Ur Wes NLS een RO Aber U ae LEU pe Ara Fe stat AL 
Hay Meadow creek ____--_____-. Brifey a peer Ws each! 2204) 
Stanagercreeka fie Ce ee Al ber biec8 a eer ‘ be alte NL OAT AHH Ea 
Barepl Creek seve Woy oy Ws Briley ein eon asi Ne vi) Thr Plog 
Newaygo: 
Hreemean, creekic. eis Er Osyth cig irene a) Albertus Andres-_____- 
Upper Pere Marquetteriver___.| Beaver -...___._____- PA SMA age eA 
Pickerel creekiee wa Derg yea ts anya A. AN il BRE 
IBEOOKS. CeO sl hme Dal Brooks & Garfield__} Chas. Kritzer____.___. 
Chidester creek_..-._-..______--. Bridgeton eet! Wii Si Bartons.e ies 
Williams creek 2. 2000523222. Sheridan, Sherman 
and Brooks.__.._-- Andrew Gerber... .__- 
Helster creak eA eee rn ADT! Sqeay eye ip yee UNE IN RAN (tag ete 2 AIT eh Pn el 
BlAcls Creek ig es Mee Te Dayton & Denver _- * Vay ee yuna 
Kemp or Big Gully creek______- Sheridanl oy a Bical bese AE NAS, 
IG abION COOK fe be eae) DAV COT ee Maia Frank Cole: 222032. 
Met eraak ey Mey ae Ce stip Wile ss eR Ri A AD s i Me ea eee 
OIE NCR EO ee Cote na aAN Is WARND IE 79 LAO hare ah pe KG ARES he rity ap LG wy GaP 
Hatches creeks 2b oi i Bee Barton uit) Albert T. Wightman. 
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Number. 


9,000 
6,000 


9,000 


9,000 
6,000 
6,000 


9,000 


15,000 


40,000 


18,000 
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ee 
Bot 
E 


County and name of waters. Town. Depositor. Date. 
Oakland: 
Outlet to Walnut lake__.______- biel Bloomfield ___| Frank Park .._._.__.- Feb, 26.202 ae 6, 
Buckhorn creek __._.____-.____- Roses) eave eer eae aye K. A. Botsford..._-_. Mar. 11.022 LL. yas 
Outlet to Long and Gilbert lakes Bloat fieldsctee Ais 8S. Alexander.____-__-- SONS she ies 6, 
Farmington brook ____.--.__.-- Farmington and 
Tivoniaie fesse ee Lewis Walker___.___- Oe ODS ui ea aetna 12, 
Moyers spring and tributaries..| Oxford .._..-_____-- OE Belles oe Coe Ae erate ieee ae «9, 
Indian Garden lake and brook..} Milford ___. 2__--__- E. J. Bissell... __ 2.2 _- Sits 2B aa ea 6 
Oceana: 
Sandierek ewe Veo ey Otto Rave wa relies C. BE. Covell..____---- cast bs guy dency!) 6, 
Cob-moo-sa creek __..-__-_-.--- ae & Elbridge ...| Jesse Walker__._____- pope SG Made Sec 9, 
Cunningham creek _..___-._-__- Newfield ___..._.._.- Horace Lattin_._____- SN a ONS cl ieee pa 9, 
Ogemaw: Ava 
Hubbard creek _._.....___.____- West Branch...__._-_ So Vi Dhomags sek ee neon Dou eae 15, 
South branch of Klacking creek} Klacking.._________- Harvey. Ce beonard2 30 eo 262 sae ne 9, 
Headwaters of Au Sable river _--| Goodar~-___.___.___- John O’Connor..____- Ba 2G aa eee 9,000 
E. br. of Tittabawassee river__..| Horton -._..___.___- C. N; Ashford ____.-_- SN 2OET Ota eam 18,000 
Ammondi creek s2.02c oes Cummings & KI’k’g| Jerry Ammond_-____- BRS DG amit een oa 6,000 
Coldicregk (sowie aa ey een Goodari oe Charles Taylor _.____- Cras U Fa ME ek 6,000 
South branch of Au Sable river. Sc dame atch M ga Albert H. Carter..___- SE OB eae soba 6,000 — 
Mackies creek .__-_....---.---.- West Branch -____-- James Mackie__.____- eNO” hep ACES Sf 6,000 © 
Osceola: | : 
Big Stone creek, two branches__| Evart and Hersey __| J. W. Brigham ______- oteabage © Eee aiity 3) 15,000. 
Chippewa creek _ SADA DY encaeN aes OY Osceola tc vai pies B.S, Severen, MiDecuiet yy aera 6,000 
Beaver creek): eso cL bee Mei RoOy a Dell Roberts ____.___. Main Loire eau 9,000 
Deacy se ereek ice Mee Verte ieee a James Deacy _____--_- iene. K eg Siete 6,000 
West branch of Clam river.___- Park Lake -202. 22.) Me ERICe ZO a as oP MO ume eta 9,000 
Middle Br. of Muskegon river__| Marion_..__._______. De DOS DLO W es eo PENS ORB O ae Gia 8,000 
Brooks creek and tributaries___| Sylvan ...__._______- Jacob J. Reick_____-- Ay OUR ates 
Sylvan creek and tributaries __- Tatars Alero a So x di MaMa en: [SR 0 eee 12,000 
Finney creek and tributaries___ UP SNUPEELE NAG Mt Laas gay a. mp rae 3, | fellgrans das 
Comstock creek _.. .---______-- Evart and Osceola._| Peter Comstalk ___._. ey cg Ss | PACRNBYIte. js 6,000 
Brooks creek and tributaries.._| Sylvan .-__-..__.___- Jacob J. Reick..____. saa O Biba a 
Svlvan creek and tributaries___ SANE une Wt oy MRR ee AOR RAS sale att Wa nar 18,000 
Finney'creek sooo yublgeamiean hu aa aim: . iat fees aa dA tis Ut Hae) 
Oscoda: 
BI OPER UC he ae er ine averne \. 2008 bos Stewart Gorton ______ one a4 Wy bedtin Seals} 18,000 
PIMMOr Crebln a ah aay COMING saan C. M. Comins _-..._-- raed PEM Lue kale. 12,000 
ap eae kk C h D. H. F h h A 
taCpyiCreek oui ee sus oie OMNWECR Se i Mont ees itz lagh..__._. DYE. Bee 
East branch of Sturgeon creek- phen tise i ab haa ba abe BN Sey SH ‘ an 
West branch of Sturgeon creek. ‘* & Otsego_. | J. A. Waggoner... LGavGh: ae oR RE ES 15,000 
Outlet of Bradford lake .______- Otsego Lake.. ____| H. Stephens_________. gee) WY har taliten 15,000 
Branch of Au Sable river. __.__.| Town 27 N. R 4 W.. RNa Ree Ae gas pm e RRs eG) 15,000 
East Branch of Sturgeon river__| Otsego .__.--.______- DAY Ritzhugche aurea cee aU eH. 10,000 
Ottawa: 
Branch of Rush creek ____-__--- Georgetown -._____- Bi... Greens 2.2) Feb, 19¢22 3258 9,000 
WMEDEK GREK Se cons Chea ie Jamestown...____-- Francis J. Buege_-_-_- chp as ey teee db: ! 9.000 
Blackicreek (oo eae Hii we acted LOM fig od aN Reap nh reete Regu wal . 
Branch of Rush creek______-_-- Georgetown ...__._- Hiram: Haight!) oe Mare 18 32 oo Gs 6,000 
Branch of Big Crockery_______- Ohester 22 Foes) W.R. Holden_______- sara PACU ea 4,000 


Presque Isle: ty 
Maken hisam vy ees leis Presque Isle________ Wm. A. French ____-- Ble Qe Cau ae 15,000 


Roscommon: 


Robinson creek ...___..----_.-- Puaigeing okey ee H. H. Woodruff... _._- SSO QON DS NGuak Ms 12,000 — 
St. Clair: ’ Be 
Silver creek 25S iis Grant (205) ic ieee eas Hugh Stevenson...__- Feb,, 26:20 ele7 12,000 
su er A 
Bb creeks co ces Bie Mee Mottville.._....___- Charles Rice___._.___- YY i eocke sean 
SPREE A a Oh Flowerfield ___. ___. eb EME os aca EL Ci gg tt a Memb core i Waid 
Tuscola: 
Sucker creek j.5 00 e7boi a hs Ellington ____ __.__. FoS. Wheat). 22. 220. Mary, osu 255 
Whitevordek a og a Indian Fields and 9,000 
Wells eri ue ties 2 Enh Pi Me ik La no Be Son 
Butternut creek. 2.000000. Indian Fields _____. Js ee Howellse le be as Datel 6,000 
| 


Se 588 E68 55 


mie 


{ 7 Mi v 
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APPENDIX. 
Brook trout plants, 1891—ContinvueEp. 

County and name of waters. Town. Depositor. Date. 
a oy 
Van Buren: 

Hayden’s POY 1 DR RSNRR Ck Sa CO Almenawiy noi, George Langdon____- Febaidg vim 
Trmbutary to Paw Paw river._..| Antwerp..__-....._.| James W. Clark_____- Sib ian Ke UN aN Te Se 
Bim DEO iyo en en iy Aimenas iis Ween A Sprague. oo! i isuiaian bo and te 
IBarrece creek ous be so ie oe TEramibtom ie 2-2 nek Malton \Barreteuer eee ie BQO Uren oh 
PIN RCrOOk ee bmee Le ema se LU Hartford & Keeler._| A. H. Young ________- agi ira Ht Miele 
Butternut creek -....2-..-2-2. Gonova csr acces Os Merson: iso eeeue Pre Oar ‘ 
OTE S TESS Ea A tig a ‘* and Covert-.- PRLC Oe pits See BEAL) re SUL OUP eA 
Sorin Drookw. oA ANtWOLD we ohn da oae | Ee Be Waters ce / 208) 9 Apri TOL cas WE 
Washtenaw: 
Money creeks jo) voce AnniArbors2o0 Guts John F. Lawrence ee Mar, Peta EME Nt 
Beiveber DONC se ee eee Vipstlanti asus, John Gilbert___.____- | pla pide kes is 
VO TIRINO Mer Ou LN Re Ye Dexter Wea vik J. V.N. Gregor..____- SPRL uaulee nay lad 
Wexford: 
Fairchild’s creek__22. 2... 22-2. Cherry Grove__.___- Dh Digging. 24.00. Say aU sore ae ee : 
North branch of Pine river____- bie aS NN gk OOD fe » AE A gl iby yce tania nas 2 
Biaval creak wwe ie ae Boon) nee ns eeu Bi COOlev a hee ee hi Tene) sien 
Harris lake and creek_________- Colfax ee na? Hiram’ Harris-.....-. eh We tes | aU ieay ia al 
owing Creek eu o wy ON | S. Br. & Hender son. Chittenden, Herrick SCOR i MAG ye : 
HLOROY Creek selon ies wal Aaa sied Cais tan 


AN BEES (SRY aa UN SANS SP eae SAUDE UD IU a ARO Cea SB MADR ORI OQ OCA AE i ned AIR y LEK ACN itn RUG 
Brook trout plants, 1892. 
County and name of waters. Town. Depositor. Date. 
Alcona: 
MWanulitian creeks... sd ioe te Tod Mikado ican ne» Philip O. Partridge_. Mar. WG yess 
ATTORHTN CTOB IK adhe ee ye re aC AR Oe NC Ambrose Thompson.. IGS Roca t 
DRE COG Kae bie te Ak a aha he pill at ie I Aa i ‘e IG aN bray 
dams ercelen) ole SUC hy Haynes yas ne Addison Silverthorn.| “ i Le Wem galegut 
Sucker s.creek) oy aay Alcona ese D. McGregor._____--- ‘ Ue Lote : 
West Orarie iio aD Oy) Liye PLS yriee Ivy cee < Wise Me tos tet Pang A a TG eae 
WOMINe@ree ia coe ma ALA ay aay i Lawrence R. Dorr___.| ‘ TO ye 
Bilvemcrock ya ees hr 05) kali " Waa A ok Thy 1G ey 
Pecthenm crack .50 540 Sos Any) ss ns Peal Mk TEE is 
South branch of Black river .-_- J. iL. Sanborn sp) fa ve hee Ls i 
Wort rancor SIAC TIVER ail) can ier elie eM Rainy BRED OT) ARE Toa I Fes ole r GUA 
Allegan: 
DUNCAN Creek wesc UU Oyo Gun Plains____....- Ed. J. Anderson_____- “hy Cee edna Y 
DCOLEOLOCK nee N eel h Aue Lee and Casco -__-_-_- George Moore ______- My y fu aan 
Manlius creek a0 2 hk Maplin iey nas Clinton B. Conger -_.| — ‘‘ rh aie Nena 
North branch of Rabbit river_.| Wayland ____-_____- Ehias Stags Ube Hebi 20 vercus 
BETA OTOO Ko aur Sour wily Cela Trowbridge _______- Gybin zig item: aehainias si PAS ae ee 
Teceree Kae een ew Oak ih Martins 2 ieee. Je DR Kolleye ene We: s 29s 
Bellingham creek _____________- Sh talgs erly ahd ok sal Ba WN Ph W VEG HL or AVA tela Ni QO eens 
Bagley pond tail race_____.__._- Orangeville _______- Ac SRA shy A salt ht ‘ AS Wi assed gt 
TPT Or croepk wena ae so eK Trowbridge & Otsego _| Conrad Brothers____- Mi PAS Na Es sf 
Vartick’s'creeke 4 oi oul uw! OtssZo we EN John N. Perkins ____- ay ZO FUN 
Battonis brooks eee Hopkinsivg eee Charles W. Button___| ‘ 7} Ng ape AN 
Alpena: 
Norwegian creek______._--___-- AT para mae etny Christ. O. Hammer _-! Mar. 16.__.__-- 
Partin ites ea eT NY not Mirena Sen oh ty) D. D. Hanover-.-_---- MDL ps sucem aU 
pring lake and creek___._____- Alena svvouuue Lt aries bs CON WAYLS oR. res pau Cea 
_ Antrim: ; 
ernsiy Creek oy lag aE Tel! Grintert recite sat O. Wi Holly 3 2 April) £07 
Sataorm creo ec i hoe OS RUNS TetITt | ram aat MRL a ia CANT SRL aoe BN nen My: Sear t 
ollyis brook Wee aes oy wows | SERA CNR NO LOU. tie “6 Sah eg ie ha AAAS “6 Aira: Sataie 
Wrmereak eee eee ee sd Banksy Mo ese an els C. 8. Campbell_-____-_- . AM AED 
N. and. branches Jordan river} Alba_._.__---_.-_--- G. R. & I. R. R. agent} Mar. 28______-- 
Aren 
Braneh of Au Gres river_______- Thrnerte on wae Ji A. Walker y.2 2s. i 162s 
DIROREEVOTe ea. MEG iL Ye Deep river ee oi, A, C, Maxwell.____.-- pep yi (Skis DORN: 


197 


Number, 


Number, 


198 + TENTH REPORT—STATE FISHERIES. 


Brook trout plants, 1892,—CONTINUED. 


County and name of waters. Town. Depositor. 
Barri: 
Yank ee Springs creek -______-- Yankee Springs..._| A.C. Hunt: ___--____- Feb. 
White creak 28 eh as Thornapple creek_.| John McQueen______- 
Beonard creek... too Sate IAS vi bhtgahgen eatbon ta) 
Berrien: 
armer’s brook: 2.2000 Pipestone ___2____.- Charles K. Farmer__-_ 
Pipestone creek ._-._---2__2_ Le. Sodus & Pipestone_| L. T. Burridge..____. 
Bronson: creek wee See ey wh Bs fe s SAI Hcant cent muncaon 
Edmond’s creek_____-.________-. a Ma i sk NaN RU one cal Be 
Hhadwiek creek vase We ‘i u ay BUEN SEAS am, 
. Penterbauvh creek_.____-_____. Berrien tos iso Walter Kephart_____. 
Hickory creek co Oronoko and Lake_| Levi,Redden ___.-___. 
Townsendsereek aso. soung st Berrien ss eae) “ aceldeapingd ceingtia 
Wayo's brook See Chee ie Bachanan 22.) 20s ne Va UNIT iis che te hy 
Histes brooke sss we oa Piha arate euMierat als “ks alae Pat ube GUahva Ws 
Mill creek and tributaries _____- Watervleit & Bain- 
bridges oes A. N. Woodruff____._- 
Cass: ns 
Kensey’s creek___...-..-.------ Howard & Jefferson| B. D. Shaw_._-._____. mS 
Calhoun: : ey 
Dixon Creek ye © leew al eee eG Marshall. 2200 2a. Cue Barrigie 2 as. 2 Ts Sn > vi 
Seven Mile creek _.__/____..___- Bedford oe Vay iby so Wl MOEA Come SR A As pears | 
Waboacon creek_-__...-.----___- MAT itor oat oak OEE a CO snr eae cts ee ye p Hapecoth 
Gilt streain Gee ee a i) SR ua hues Rng (aad te f ipa seu eias® a Abs iy Rea P Nz 
Cox brook __.___.. SRS Oy Se | HmiMnets swe, Goou ai Piss io ontaed ave “AN RRS iselt \ 
Pratt brooks. 6 oe eee Boriford ss ooo ti shih ae Enea eee NO 4 i pen ue 25,000 
Mineral Spring brook_________- Battle Creek _.____- sh deena eve ed Meta I 4 AT teas | as 
Astin) broke eS ieee oe aie ae a Pe NEM tay aes + potat ylaMetae ern SN c (pean a 
Partridge Spring brook_______- Bedford vss 230 ues) 3 A Nees SOUT y / BNE a | 
Helmer ‘brook: s:.eco le Bimota ae Taiiaed Dee ast Ae 1 Be th! 
Newman’s brook __22. 022222222) Redford __. --..-_-.- x BS Oude Oe Saas yi tg, J wy ‘ 
Mt. Jack Spring brook________- Newton and Leroy .| C. B. Lowell ______... Se yee ath ih 10,000 
Hinkle’s creek. .__2-2 222 Le. Marshalls 7) J. KF. Garwood.._____- Bi Gy ] 10,000 
Walmadse Drool. 326 oo PGE ay eA GU AUN ath UY fe nh Topp ese A et * Y Gai canis : 
Charlevoix: 
N.&S branches of Boyne river! Boyne Falls_______- GOR & 1. BR. Reag’ th + Pac Meee Sas 30,000 
Chebougan: 
Black Greek. ice i Ue Bentley. 02 oe Everett J. Roos _____- Pett ena eae 10,000 
Q@edaricreek 20 G2 ie Tuscarora _...._. ..| Henry J. Graves____. yi Oe et Pa 12.000 
E. branch of Little Sturgeon___| Burt and Ellis ____- S ee cua ve Pe pS eEE ae : ( 
Clar kiereekk (022 eo Ow oye U i el) POL. te Ged COR Nae W. HH. Merritt___-___- on pbosan 10 000. 
billian creek 23sec Ss, Mentor sitio ee Ash gS el 2 kalo of PRA 
Clare: Been: | 
Town Line creek_____._.-_-_____ BP OR Gee oe eae tee W. W. Green___.-___- pveliegnen © ke pan HS 25,000 — 
Littlefield creek______..____.__- Barwele ee eu F. E. Presley___.._._- Heb. 2632078 9,000 
Clinton: EN 
pring ipropk isu or eh ae Bagless cece. Cassius Alexander....| Mar. 2____-_- 10,000 
Haigh bank creek) 223000 2 Lebanon -22 22. 2 2. John Bette). 0e ens 4 nt eae: 15,000. 
Hayworti ereem ooo! Mage ess Wee hile 4 O. D. Casterline _.__- rs a Gives Atty ~ 42,000 
School section creek ..________- Maple Rapids _____. George Randolph __..| ‘ Pee 15,000 
Moore’s creek) 2 a Duplaims Awe A. M. Birmingham._| ‘ 14. 28 
M/S BUCO OTGOK . ce cie aa nyse Be creel ia reat SUPE P clam RIOR ae beg ie be ‘ae vee kB Mie is ; 15,000 
West branch of Maple river____| Ovid ____________..__ “te oe Li ey py eee 
Ourtis creeks) fe oO IDuplain' cree AH COD Die eee bas yY, Baesantytel pak 15,000 
Crawford: aah BAe RAK ena SG (ad ey 
Au Sable rivers 2 2 Grayling 220 328) D. H. Fitzhugh ______ ot PAD an Pa ms 10,000 - 5 
Haton: 3 Ri case 
Boll arcrepk fest es ci wis cue Delta aye ee res Bo doMillers ie a e P Neie a 2k: = 0,008". 9 iSite: 
Sandstone creek .__..--.___o___. Oneida yeu s ote J. Carlisie Holmes___|} ‘“ Quiieaeee 10,000 sees 
Stone coal creek, 2200 SOE oe er usar PAN Richard Lawson_....| * Qe s Nth 100000 ae ets 
Newkirk creek ___..._._..22-__. sl eidigee Males to NEA By Ay Marving, ooo) yi rea he 10,000 Ante 
Spring brook oo aay Maton es ee G. W. Sherwood.__._- He Qe he 200 0C~™*W HST 
Butternut creeke 002 a ni AD ess, SMELL ea teele iy EAN by ealltag me Qsvetuene ; a 
Emmet: she 4 
pring ieregkey 5 Te ie oy Maple river ________ Be Tai uyons 222/00 lt April idee 6,000 ie 
IBigeree esi Ty Ons aU ey Garp lake! 2 oals& J.C. Schmalzreid___.| Aes ae 6,000 ka 
Tributary to Maple river____-_- Maple river’ _______. Wim. Fitzeerald______ $f LEN 10,000 me 
Maple tiver fi las Levering .____.....-| G. R, & I. R. R. agt.__| Mar, 28.2... _- 15,000 ot 
Osrp rivers 22 ieee rks Carp lakes. 2.22: s nis AR rye tite Oak ais 15,000 : 


APPENDIX. 
Brook trout plants, 1892.—ConvTinveD. 


County and name of waters. Town. Depositor. 


Grand Traverse: 


(Pagne Greek 20.3. Seu loo Faradic & Fife Lake| T'. M. Wilson________- 
Knight creek _____- ip epee tk. a af be VAST Nae Be 
Tributary to Platt river__..___- Long lake___-.____- J. M. Thomas .---____ 
Gratiot: 
LER OTLEY Cee) SOM Na aA RE AR a A DUMIMen ww Coe ME Seis DUCKEr Lon. teres 
IErisicree ky ae. 52. seen Sei! Feet Montcalm 
O Any ee “ec WET Tacs ke 
ATCT UVOR Ios Mos O NS EC Mecosta, “Montcalm, 
Gratiot and Mid- 
Jamd. Cosine ee gee a SPR aeatete Cae 
Hillsdale: 
Greenshaw’s spring ___________- Hanover eevigecuces-} G. T. Greenshaw_-___- 
Ramsdell springs. 202 sf Pi Was le labios 9 on DM a Taal ie week 
Skinner’s creek._-..2-.--__-- Rr ie Res, Se TL Ee s air est fi MD a 
Tosco: 
WMeirnenereek iis 2 ooo is vey Plaintiela cue. Warren S. Hodges__.. 
Tsabella: 
me Honald creek. | our. 2s seal Vernon ees kes Allen McDonald_.-___- 
READ | 
Tonia: 
DLBOU CT ORK cueeie Ulla Caer y uu st Wom Lay id oye a as HAE Batley au ve 
COREISSE We S12) ee AINE ina Ul lb a ea ae IPRA WT Mel oat) ARE Nea APR ORLA SACO aig legate 
IDA Creek. Geek a ie Ar il Cambell ecg" Samuel W. Burt_____- 
EV cor il Coy ca] 5) abe Be pe uN a CaO Portland ey ai U..J. Maynard.__ 200 2_ 
Murch Creek {uy eee A ie Bostonwe) fei eos A. Ww. Huntley ‘ipa Gia 
PEE OU TE CLOG Koy ns lee kee Ty Wa CEL AKON itil SUR li Ore PG Eyed la red AA ay a Pe ae ah 
Jackson: 
Harmers Creek sooo) yeu MEd dig 2d bs Y=} fcr Be Cate yun nan et LN. Keeler 22.00. 
PILUB,.CrOGk: SUS en Ne RUS ays eM 2 oes) Soe Cob Buses awe i 
Kalkaska;: 
South Br. of Boardman river..-| South Boardman--. G. R. & I. R. R. agent 
North Br. of Boardman river...| Kalkaska________--- 
BLADE bVORU ee oe coat ithe Leelsville __.._____. ef oo vk 
Kalamazoo: 
Waviarereskey oe eu el fae WiOOODOD wen tens 2 Ed. J. Anderson-_-.- .- 
EPA VIG CLOG. oa lus gba ats Re If by) ey NEN BS elt st Reh bata Des BH 
Eigiwier Greek Sosy ge Ase Charleston -______.- H. Dale Adams._..-_- 
PITLTON ETI CLOCK sae ec vide ee URN Comstock _________- af Paki apie inl 
Parse creek aici er ie Prairie Ronde___-_- Henry I. Allen_______- 
Harrison creek big i MT Gey cog Rh ac ge Py cs Ae FOR PY 
MI Creek me yea Be POY 51h iat gal Lh ee ge John E. Pabst____---- 
Shares Crook aie enon Nun uae BER Aci peeks Secs fe Een ar 
CTOOKGCrOOK aut hat eae BUN) o Sah oak Was 2 A SO AN eat 
anes creeks oe hs | Portage seers | Charles Ss. Bolles -__. f 
Ponmescreek yi tot Schoolcraft __..___- Waves 
Iblackimiverc ve soba ies Oey Prairie Ronde__-._- Thomas Hewitt __.__- 
Boles or Stanley creek.________- Portage! oe a Ht ae) ALN 
Collier creak) 2 0 Cooper eee yes J. Frank Cowgill ___- 
North Stacey creek_._.._-.____- Richland ee yn sf sa en 
South Stacey creek. .___.-.____. POD NRL unl abatesr Sia hs se 
Pierson’s creek__.-...-.._..___- Alamo sien ue ee yi boxe suut a 
Kent: 
TanleyCreekioc see uy eke SY 02 id irs HR Aay Ah a nie aye Arthur A. Place fsck ae 
PSTigiel Crakk ye of eu ee sy BAlghese fey aaa Ube 
Cane Choa CONOR Was Siu PI hus itera ee Ne aa i et BR UN cet 
Mofiitierdeke 22 ur: Caledonia .________- Hilbert Moffit._..___. 
MDIOAY Creeks toe oyu ae tet Sled iat Sparta Ci) Cudarlingy sc 
GM TERRE TOO Ke ule agree ibe AEA! Asia and Sparta __! Frank Baird ________- 
DUCK: CEOCUT Bi eu Ce WyOmiINne 22. ceo A. A. Crippen 22.5 222. 
Dilvericrecics, Wis ee ru ey Ae Nol leer NNSA aA HW Davis Geni 
SSugar Bush creek_.__.__-_____ .. Galchold tas sees A. W. Stevens._-_.__- 
MERPOS POMC eae ste nn bee BLUE ee Algoma cn wap igeee Homer B. Stevens__-_- 
Newman’s pond ________.______- SSDI ny UE aE CREM st sibs NT g eel 
AnUerson’s pond 2 oS a2 sks , Courtland 2ss2e es n Coe AS ech 
IGM Creek ie Bos ek he TG ee7 RY Bera a cs wae Ane a ea ee GOO Meee reds et 
‘Ansthin's brook! 82) 2 Mest Algoma & Courtl’nd PN Ns teseed RM eters HO 
MOTEST CRB cone ree UN! a UN) Cameron: 22024 20 cn Ay amg nea Ra are A 
Hutching’s creek____.___.______ AIPOMay cu Nee ee Apo iat Ti APA) 
Grimion creek) oo Courtland, Oakfield ; 
and Spencer.-__--_-_- Freeman Addis___---- 
Morriacreck 300 ING Sum eus eons W. H. Wheeler_-_-_.__- 
Bprinwmcreek: owe ys see Solon sey ks wets $s AAG) Sali a Sy 


Sand creek uy Ok TAR NG SAD RN Grand Rapids. _._-. J.P Wilsons kis 


93-7" 


Date. | Number, 


April 4... 
a ie or GAs 


VEE. & 10,000 
2_-..--] 
| 
GEES: +} 18,000 
1 
Yiie die a: J 
16. 4s 
HORE 10,008 
Wie) 
RL a 18,000 
Gopi ny 15,000 
Beh ba 83000 
Queene ys 12,000 
aes 10,000 
M2 $| 15,000 
Pree 10,000 
Te ee 15,000 
Ne 15,000 
OS Tea ae 15,000 
O80 ote 15,000 
Tf} 10,000 
q-7772 t} 10,000 
990. Ghia 
cians 6,000 
ARTA 
99. EL 6,000 
Boh iva 
4 wao--- | 6,000 
7 Maa 
cae 6,000 
oO Ne i 
Bs 10,000 
aT 6,000 
ASIN 
Ba 12,000 
LOPE, 6,000 
Svan oy 8,000 
RRS A 3, 
DE eons 3°000 
MNT 3,000 
a9. Cit 5,000 
it 9,000 
ae 
20500 12,000 
$0 Am 
CHT 
Suse 10,000 
: oo- + 10,000 
Ri eerie 5,000 
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Brook trout plants, 1892.—ConrTINUED. oe ee 
County and name of waters. Town. Depositor. Date. Number. 
Lake: : 
Danaher creek... ee ie PENS TSAW eas SPA ar fA) Been Sd =| 2) nema ebay Near Apr. Gnaese ee 10,000 atest te 
North Br. of Pere Marquette__.| (hase.__.......-_--- W. EB. Potter 2252 7c ef Gh uds nee 26,000) tice taes 
Sanborn creek 22202222222. NiPvanadc eosin me Cad coeptentee sae, LA ee (a eee PS ile Ge OO, OOD iy Eset 
Baldwin creeks wan ea Baldwin wsio ee im od UE EATEN Dra PAE it 6 eh ae 10,000. ete 
AVERY Creel nat nyt ie css Nala Ei eae ANA, a DO NURI ant aed a Ls Meriden airy 10,0000 fi, : 
Kinney creek 232 ee a IAPR Up Hk pa se eta cae eget auf ig gga e 15,000 eae 
Lapeer: PN GUPL y dinesges 
Gotchesictreek, 28 o av Almonte jee uae BH. Pr Andras a Marne 2:n ea 7,500 
Leelanaw: Eiote | 
Branch/of Cedar’ run: _-. 2.2...) Solon.c 2. oy. James G. Johnson___.| Apr. 4.2..-__- 12,000 | 
Livingston: ; aa : 
Beach ereek sion ea asa Hartland wee: H. 8. Holdridge..._...| Mar. 14.-_.___. 6,000 Pe As 
Appleton creek.__.._.-.----__-- Genoa (enews CCR Cushing an fe Vp Bar SR : 12.000 Si 
Walker creole tea ks Hamburg eos foo Wo SOS aN Eira spat re Duane : ea 
Lenawee: 
Grake creel. 2330 oe Clintons wue ee C. D. Keyes _______--- TOL yas 15,000 
Smalley creek (oe So Franklin & Clinton.| H H. Halladay __-._- ss TOU ee 6,000 
Gleason creek*. 2. 20) t { Madison, Palwyra t Myron J. Pierce____-. és LOG eo e2 ‘ 12 000 
Big Meadow creek _____._.__. and Ogden..___- ee MEO Decal NEL nf TO Ce ee ne 
West branch of River Raisin__.| Rome ____ __.._____- John H. Combs _____- fh TOU ian 10,000 
Bean creek or Tiffin river _.___- Hndson ws wie James B, Thorn___._- ie LOW sey, ; 15.000 
Hillsdale creek____._-_________- Latta tae pea taal I oecuieeag es Cau cre neti tey fo AOU Are : 
Macomb: 
Smiths creeks se sen eos Brncesg on PAP. Andrus): re Masia) 7,500 
Manistee: i 
Gablevwreelke ys Ley As aN Copemishy) sou ves Wik. Smith cies Feb. 25.22. _. : 15 000 
East branch of Bear creek ____- Peed Cotati ea ‘ ME ae thinset ah te Aap erie’. ’ 
Beaver creek 225 ne eeu se Maple Grove ______- J; Ave einige te as Yabba Sh 10,000: 
Bowler seregkic foo Manistee 205300 82! GOR, Powler ps ei ble QR eee 6,000 
Clear DROOK L008 Nos Oe se Brownstown _____-- Loren Pearce ___.-__- She ap ae a a 6,000 
\ 
Mason: 
Carr Settlement creek_-_______- Lake and Branch __| B. F. Barnet -__.____- os 2D ken ae --10,000 
PIWEDUCTOGIK UM DAG rns sia Causal a Riverton and Eden.; P. F. Harley ___.____- ify vi aga eo NN 6,000 
Biaplervcresm ee eI Riverton & Mason__| Harmmun & Remberger _| ‘‘ QD ering 
Paroyicreek ins hones di Ne ug oy Bs Wola os 2B sane 12,000 
Oedaricvectou eck ate Ree s eS ve 3 ANG ae Payee 
Prine) BEreagMe seh aso is ee ere Sherman 22200222): James R. Barnes _-___- + Dee ERS 
Coomera keys ce Melos ee yy SHANE Vy ne gr us eR eyenimn ave a A aN hs 2 3,000 
Ginsonvereek eB Pte PEASE EMI VGNS ee BSS va ihn re ys esue 
OpHiniecreek wou M wate plo Eade An ber aie Gs salle Viv RuPenneye 04 ‘2 Pace GES 8 ~ 3,000 
Two inlets to Round lake__.__- Sheridan wes y lo Chas. O. Holmes.___- of DOE coke 3,000. ae 
Great Sable river... .22 2.222222. Bachellor e220 Wok? Potter e220 ADD. 6 Cha es 15,000 Aen 
Mecosta: 
Hintoniereek es oot ene xe Hinton and Morton| C. M. Helmes _______- Heb.) Siow | 
Simmons creek..__.._-___..__- a 3 pie iey ary Waar vale frs8 o fo flhige esi 
Mitisiarégek isi ieti ee asin Deerfield ____..____- ae ON antea la e t) ft feed 25,000 
Hiburgericreekesw2 fo va oy Deerfield & Austin. NAA eats tesa) tar) re Sih ee 
BetterhOky aie. Lee rh ae maev FRinton ie eee PRY Ne Aly Ty cae te Save - 
Sandibrookey sie ay so ae Ae Deerfield _____.____- James C. Boyd _.____- a Sarees oy 
Quiglecreekis 2a wee ee ae SPU ine Maa Peaadpae NO AERC aR Nani ‘ Seca 15,000 u 
poy al acer PNP MRO Tae A ee sas Hs Malle Sai syed basi oy USS a eS pape: ne Sen i 
uckhorn creek ________.__.___. PEON dieu Oa ae ichigan Fish Com..| Apr. 12____2. ; 
gupacersliai agin in ilrecger Sill cera r aor e Ce ee a 
Missaukee: Gi 
Wallis creck sioner inves aga Dako ee eo a ee G. W. Crosby-__-_.-___- Reb c2by cee ~ 6,000 
Headwaters of W. Br. of Mus- CPE MP ec 2 Te 
Keron TIVEL se ee eee a Sei o Casie HU DD Aaa ea iw James McGinegs..____.| ‘‘ Ob ieee ater 16,000 i eae 
Montmorency: Y ~ pie 
Beaver creek 200200 ae) Cains Rate tae: Philip Klein _.______- Mar, 16.2225 12,000 
Hardwood creek_______.___.___- Aa emer SAW nite Wa nek esa) Silas S. Cohoon__._..|  ‘ WG 2M eae 12,000 
Stony creek 02 se) Pee a MAREE Sep Bale pete SB y) Conrad Weingarth.._-| ‘' 16__.____- _ 12,000 
Montcalm: 
Dickson creek__.._..__.. Douglass, Sidney eh he 
and Fairplain____| T. I. Phelps___.___._- ty Aa aE 15.000 za ts 
Sear creek 2.30 oe irs Maple Valley_..____ Tianhe eT), “ RS ’ eae 
Jones creeks oi ye ahs ET OMG ee A es Wm. R. Jones_______- se PAG EES yi 12,000 


ome 
Blackcreek ic ein a Maple Valley_..___- J. A. Dockery ....___.- he (pete realy. 10,000 


* 
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APPENDIX. 
Brook trout plants, 1892.—ConrTiINnv_ED. 
County and name of waters. Town. Depositor. 
Muskegon: 
Orockery creek wos ele Moorland & Casnovia_| E. T. Slocum _.______- Feb 
Little:Cedar creek... 2c. 2 Cedar Creek . 1-2... John Dagene es Mar 
Uadartereels i oo ey Holton LRP UN RR a R Stephen S, Skeels.__- se 
PYROGISUOLGO I vena pce munuem haa tpn: Aue OPC Mie ne Nat | DUAR CH iis 
MOTTIQOTRO Were Seen se Ay Eruitpork ore CO EER Dury. ee s 
BCE ACTCOK fh ae eral LS PE UUolaAne odo eee E. Magoon_-_..._-- ih 
Mosquito creekey iss 2.2 Eggleston ________.- Cele Grn: ee nies Siew. st 
Belleview trent creek ______.__- Bromland (boss ye} W. C. Weize soe. Ne 
DAlbOMICredky sy ihe CO Montague _______.-- George Klett_..-_.__. i 
Newaygo: 
Gindector reper Piru ok) Bridgeton _..-. .--- W..8):Bartron 20: Feb 
Hatches ereek. iL Bartonmeen iene A, 8S. Wightman.___.- Apr. 
MWiltitemes ereek' a ol vl Sheridan, Sherman 
and Brooks____._- Bs Gorberceuuse sa ccsh Mar 
Hoestor:creek vn oe Day CO Ty rae ih PSN Nar A Eee SB LOR ‘3 
BS PAO OTE Ge, ne ee UU pe Chee WAN VaR SRL ie ark la Plt et anan i. MNb ata iy 
TROMIeT Creeic wy OL SIA dil lg St Rea a cui NY edd gh Branike: Colo ge oh) iy 
PAARL -OLEO 2s eu TiS» nhc pee ule Cee Gad ey Ma Ae coe ELT MOI poo oe “hy 
MpOIBTOTEO iwi se Ab yy RT ss gras Mel neon on. ARON ms Seine omy oe se 
Oakland: ; 
Moyers spring and tributaries__| Oxford _.___.s._____ Oye Bell syaoig oye 
Outlet to Long and Gilbert 
TBICOS Oo edhe edit: Moly lay Bloomfield ________- S. Alexander 2002.2. * 
aris creek ey) hese a Va Highland yi) 24 H.S. Holdridge _____- ih 
Pleasant Valley creek __.____-_- Maitords, sree ey ride Wek mata aa eh hi 
Oceana: : 
Guphim Oreek 22) or ie Ne We Greenwood ____ ____ eta So Skeels ce tiir' 
SS EA hg tol Fell IRIE RG id ah ot Pentwater NO ie D.C, Wick land pate mal’ «s 
Seine Se aoa ste a BEE SCR TP TSP ELC VTE TAN ER Aa RS A LAH ar o 
Cob-moo-sa creek __..__-.._---- yore and Elbridge_| Jesse Walker________- ps 
POLOEPDIC mug ols ouuicdl ole se La a AC MUSES Ueto COvelb ce 40550. ‘eK 
Ogemaw: 
Headwaters of Klacking creek, 
BOGLa DrAton 20 Klacking .-__°....2. Harvey C. Leonard __| ‘ 
Headwaters of S. branch of Au 
RA OIGIENVOT Ls Mc Cues we a) UU Goodari. a22) 322 be John O’Connor._-_____- ‘ 
MAGIC A Creel oie tac Loe West Branch.__.__. James Mackie___.___- ey 
BN aire iron ey RIL St T’,22 N:, range 2. H.!| S..V. Thomas). 2.2... i 
COU Greolo. soot Ripe vo Goodar.: Fee g Ow ek Charles Toles________- it: 
South branch of Sable river_-__- CPi ELM pia, Pile ire Albert H. Carter -.__- s 
~ Oscod 
Gigante LOO Ie peep wos Gt Cummins!) vy wae? Joseph Sullivan______ e 
East branch of Big creek______- Atherton _____2.._... Stewart Gorton _____- i 
West branch of Big creek_____- Mount Pindus_____- i rer ih Sone nS 
Big creek at ASD ted y 22 ia NM a 7) 66 Ne “6 SBA thes POUT ad se 
Osceola: 
West branch of Clam river-___-- Park Lake) oe NY ag De ea el SE ay Feb. 
Middle Br. of Muskegon river__| Marion ________ ____ Ge -Disborn: tiateaures o 
Chippewa creek and pond JO Osceola kU Uses F. S. Sovereen, M. D. Mar. 
Deacey’s pond and creek___.__- varty ce ig ew James Deacey ____ __- 
Comatalk creek _...._________.- Evart and Osceola__| Peter Comstalk____ ~ “ 
Hofmeyers creek ___..___.--_-_- Osceola and Sylvan} J. J. Reik ___.-___--_- te 
Grindstone creek__...--_._.-._- Sylvan & Hartwick TELM Pea ee ae nN 
BRTVOPTE TOT GAM eo) Cushy NA Jae Osceola and Evart - Aiea ges sv A REN We 
BYIVAICreGlie a on me kia Nid fede Wa PRE OVS Miele cel rite a Aes seee. Re cat oy 
NORA TSE ai os go) [das Geil a Rvernie fs Unitas REN) Nia egaas LES v 
Gov corde eee Tea Roy Wwe G.R.& I. R. Reagent) *“* 
Ottawa: 
WEPLENGReGK tu wwe ONp etre ck Jamestown________- Francis J. Buege____- Mar. 
Binekereeie osu muck we ua Nh coke, Hil ela ne oe SV Sle 42 
Waecner creek lee ee Pa Polktomuey Maas A. S. Ainsworth___-__- My 
Whipple ence oe yl Georgetown ______.. Hiram Haight___..__- + 
ee Creee oe ee Jamestown and 
Georgetown ..___- Geo. F. Richardson..| ‘ 
Garrett 6 creek... Jamestown.._______ ss *¢ rash Wet ods 
Otsego: 
Stacey creek._..-...--__._....-- Corwith 3). ou D. H. Fitzhugh __-...| “ 
E br. of Sturgeon river eat eee FeV OU MMILEAY ates Whe a) SOR ae NaS Ae 
W. MEAD are ts and Otsego 66 COR NE tus se 


-eeee--- 


201 


Number. 


10,000 i 
15,000 


10,000 


15,000 
15,000 
15,000 
6, 00 
6, 000 


10,000 
4,U00 


18,000 


15,000 


15,000 


15,000 
12,000 


5,000 
15,000 


10,000 
10,000 


16,000 


10,000 
10,000 
6,000 
5,000 
5,000 


18,000 
18,000 


10,000 
12,000 
10, 000 
16,000 
16,000 


25,000 


15,000 


12,000 
3,000 
6,000 


9,000 


20,000 


eo Canta: m 
Ontlet of Rodin. and bane ae Se 
ville lakes oo. 02 pity ciliary eked Corwith _---..-.----| 
‘Upper branches of Pigeon and} RA ARROWE A 
‘Bink: rivers__.__.--~--------- “and Dover_| 
. Lake—no EAT: Ye 41: Sapaemhaap GANAN SEER ...| Town 29.N. R. 4'W..| . 
Outlet to Bradford lake ST mea Otsego Lake fap Ae She 

Feeder to middle branch of Au 

hy Sable river. ._---- Town 29 N. R. LW. 


“erent Isle: | 
Lake Esau. NE ANICIOS dees eo SM Presqmeislenc. Lave 


- Roscommon: 
| Dunham creek... Byte Bn) Nestor..-.-....--.-- ! 


‘St. Torenh t 


S, * Monae 


Charles Rice SLATE, L 


Ppring TON. oe ea HONG Flowerfield...... 
Spring creek__..__-- SERN EVN pee Lh Charles N. ‘Pratt. 
Rocky river.____ eaten ASU eae Recent TN RE US cn 
‘Spring creek .__.__.._- NOES NUN: Nottawa and Colon. fp A. Clans sae ae 
Trib. to Spring creek__.___.___- UY away bs eid: Keeck MSs 
Tuscola: a ; is 
Montague creek. __.__- Viste Sh Indian Fields. Sah Ow F. 8. Wheat es (Le 
‘vg - 7 Goodwin creek __-_..-_ SO Lay, Millington and Z es 
: Watertown ._...._} _ * PO Cmte wear 
‘Butternut creek.-o..0-20 000 a. Indian leaner ek ds Ey Hhowelly: 322 Suet 
BUBKOEHOTOBIC SoC Us es oe a ee erator on cule te ie Chrys Saran erat ee ees Ra 
ey WY Mabe \OreeK oll teed 2 aire alanis ue casas ke 0 at tS i eee a TEA 
ee Buren: é ‘ 
_ Maple creek and branches.____. Bangor & Arlington| Wm. Brndwvell: i ae 
- Butternut creek...._._- UPON COMO Oe aw Gy BE John C. Merson.._--- 
tices Cedar erea ken Nis ea Maas AU ash Ui a Ra yy aa Vie 
Pat pera! CURE ol y's :) daa WAGES ae Aine a Sine aE CI VN HS aces 
z Washtenaw: 
Dead ant ANOBOW CROOK cca Visa Ih tug ty Superior and Ypsi- ; 
sh enh geniiay, Site Nace DE a py am CST es 22) Ae KNADD) 2 ee 
nS a A ptony creek”. at ARR eMC, Augusta ___._.-- wach} Beds Barboms 0c. os: 
: Wayne: ‘ eh 
vee Watlow frie ere oes Van Buren._._..__..| J. B. Gowdry.__..-__- 
Macs Farmington brook._....._____- Lavonia vealed, Ay dae Wie ice iota 
ay saar 1: i BV COPOT PRR 
page i Fairchild’s creek....-_...---___. Cherry Grove... D. PF. TERE Ue Je 
» . ~- North branch of Pine TEVOR Usa rs ao ae heat eeD Pk wieical 
er AO BSlagal CRealke Mu ei Saka “ete ‘Boon fic tthltae Ri ata SANE B. W. Cadglovn mere i 
Cara Ne 0 COLOR MORI elles on ey ea ANING O: NW ec a iaay Samuel D, Mills.____. 
Poe. “er Downing ereek:. fou ilu ToL South Branch and , ; 
erin en . _. Henderson -..___- Chittenden, Herrick) 
Mea eae Hoxey creek._______-- Roe Shack South ‘Branch ‘and! © & Co. ) 3222.22 
( Henderson ._-_-_. Chittenden, Herrick ; 


es j North branch of Pine river ._._| Hobart_._-..--.._..| G. R. By BR. R. agent Mar. | 
ede Tribs. to Manistee river_______. Mantonn 2 2us ooh at 


Ux ¢ i ae \ y wef my if 
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APPENDIX. 208. 
A 
08, Brook trout plants, 1892, from Sault Ste Marie station. 
County and name of waters. q Town. Depositor. Date. Number 
Alger: dl i 
PRE es LEW OT eee oe ER ry aa Prarie Horatio Seymour.._.. May Orie ty 30,000 
Laughing Fish creek ..__.2_---- Chistes. toy oe ‘ Seahety U Sune Sone p Dat ap Re 6,0 
Baraga: :; 
Prato vere >.) et aN AR VUE Kay ead oe Charice OM. Torneni ot) 8h) ee Oy erie 6,000 
Chippewa: h 
’ Sault Ste Marie river..-_._____. Sault Ste Marie.___- Cace Robotham..-__- Fe jh Me Pee ied 23,000 
£ ce “ SERENE Malt a, Po on: Wind ee Mich. Fish Com....__- ra Been 41,000 
Brown's crea ee Se HE ORB ates George Brown_-__-____- ‘ 12 eae 4,000 
Houghton: 
Sweed Town creek ___________-. Hancoek ing ai uue Geo. H. Miles____.___- 4 Gye.) Cat 6,000 
DTEIE GTO coe ie Ad eth OR ieee ideas ona a Sale PA RS fe Quilee ee 6,000 
pes” Pulgrimicreek ..0 loo 2 2020 fo. SS Me teria ae eek ts atid Pa cAe DG ya ny ,000 
2 OV OG KO ie isin et als Bh AU NAG aIN gaye heii td James H. Blandy_-_-__- ia OVA Cais 6,006 
Salmon Trout creek-______..____- Spars Lome Mea) Canute * ORO isha o) Qi ere 6,000 
‘wi Marquette: 
kata Wheeolay creek... 3. 8S Chocolay ?- 42 Horatio Seymonur..__- Ye Lie Ae NOE 6,000 
a0. GAO TAVOR te ce ou ae Ae ie Marquette____ ____- ss efit aan Mle! ey Gere) 6,000 
PPO CTOGlon so ete yay A Ishpeming and Ely_| Geo. A. Newett______- Me Su Nps 6,000 
penne SPORT CrOOlE wine Lo Be ved Al tly TO Wr hss: ee iy RR Tee tN 2 Y Dein Nata 6,000 
PADI Creeley Me eh 2 i ae Tilden Woe Ue eos st vn ah a SS Gad 6,008 
j HTC) Soe eae SP eve STIDGR EC REDNCO AN A OA Te IL Nell Dlgelauiie  BaR CA aTARY Cy Over ctakoty AMSA EY OLA he Ma pg Vial Vb 170,00 
Brown trout plants, 1891. 
s CUE RODE oa DTS 
. County and name of waters. Town. Depositor. Date. Number. 
| Alcona: 
Block House creek ..__._______- POvts ee a Wie Morin e sect Mar.) 26.0 9,000 
; 
Alpena: 
Spring lake and creek_____.___- Almenai so sce) fee ic das. R. Conway._-_-_--- * 72 Want ae 15,000 
EA _ Charlevoix: 
: Hoffman or Branch lJake______- TUCSOT cae als Timothy Carter )/202) \sApril. 17p2. 2. 10,000 
Katee Chippewa: 
i ' Little and Big Rapids_._______- Sault: Ste: Maries: 3|' OC; Robotham. vee ya lee Sy ey 12,008 
wat Crawford: 
Hee Au Sable and EH. br. of Au Sable! Frederick._______._- Elijah Flagg... 2. _- ATT Seay 10,000 
é AD wable Fiverse ss) Yo oe Grayling ons. D. H. Fitzhugh______- Si 1 Ly (eee LR 15,000 
Mek 4: Mecosta : 
BD Ay Buckhorn’ creek. ClrGeN Ns We) go lee Mich. Fish Com...--. ‘ bs RY 10,006 
hen PLOMOUUCTOOI Us ie ue iad Wi SOU tery ta Oe pile tial hay, he st SL Apt hy i Re aan AL! 10,000 
be ‘Cat creek and tribs..__._______- inh gaa RAN by mn A kita LOD ve AAR NN 20,009 
-) Otsego 3 ¥ 
ct Outlet to Bradford lake_____.__| Waters _.__.__.-.__- Stephens Lumber Co.| ‘‘ ENE 10,006 
ui Branch of Au Sable river______. Sep ene Me Renn (Ae Henry Stephens_-.__- ‘ ve 2A 10,000 
Presque Isle: ‘ 
Be rerinsr teas eee eR TC Presque Isle___.__-. Wm. A. French.___.__ Mari) 26.22.5085 15,000 
Roscommon: ' ” 
Robineon creek... 2 00. Pet erceiry oe PN, H. A. Woodruff _.__.- Apri hey One 10,000 
RTE MONS ACOA USOT SID aa OUT PORN ek RA Oe aS CUO eva RSA POP ACO LAY 156,008 
ij wd Nie 
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; ea ey 
Brown trout plants, 1892. 
County and name of waters. Town. Depositor. Date. Number. 
Orawford: | te f E 
At Sableriyers ool Sees ys Grayling 32 0bhie D. H. Fitzhugh-.__-_. Mar: 1600 cogs 23 DOD I. ee 
Lake: i se 
Baldwin creek... .2--_.--1_----- Balawinl ccs ae W, FB; Potter oo 0 2022 April, 110i 20,000 a 
.Mason: 
Great Sable Tiver.2 2) 0220 e222. Bacheloriee. 2) asa oen aa RS SPUN (as ate ms EDS Ae oeae 40,000. 
Mecosta: 
Buckhorn‘ereek'. e224 Se Greon srg ee ane Mich. Fish Com. ._-..| Mar. 1_2___2.- ~ 40,000 
S. br. of Pere Marquette river-- See tL ae Alena te S RTE Pike April: Ais see 81,500 
Ogemaw: : ie ‘ 
Headwaters of south branch of S 
Auipable' rivers. eke oot \Geodarceg oat J. O'Connor: (3225025 Mar) 22) Srey 15,000: 
Osceola: 
Trib. to Muskegon river_______- Hersey and Evart _-| Mich, Fish Com. ____- HS pice nie 40,000: 
Mersey creel 20 ye ce ele i NCOs sein aac wim vi as Wie aca ne 16!2 hee 30,000 
Oscoda: 
Buckhorn creek _._._..__. 2. Pops eee n SOR L Every hon eee eae 16 veeaesay 10,990. 
EK. and W. branches of Big creek} Atherton --_-.---._- S. Gorton...) opps sama gaaaet ' 25,000 
Bigheréekir aye cco aay rh actratel Sak Abe ean sr Pegeat ie  abeesaybnse arch ues ts ry PV Asal eo ' 
Otsego: 
Feeder to middle branch of Au 
Sablexivery os e8 ui aus 29 NGAIW oe sarge Henry Stephens-_____- of PPADS ie 25,000: 
PEO BeBe he tae Be AN a EU FO Wl SDR Se UN UIA ali, AUN A Re hake Ar kino art re OO a ee 271,500: 
Lake trout plants, 1892, from Sault Ste Marie station. 
County. Name of waters. Date. . | Number. 
BT APG OULO ie, os ka ans oF MNO ik Mi siaegh ab same tee cea Sawyer lake. 9 chai aes May y 12 vee 30,000: 
RIGLORAROR corte ho ee a ead aah ei kan Ge Lake Gogebic..._____..____- EAR PE cat 60,066 
CRED DO WA eee Ee ICE UU eRING ony SRURN Ras Take Huron. oe nS TQ ecu 114,0C0: 
POCA iI SG EU aed i rin ee a ca 204,000: 


mee eee eee ee eee 


Grand Traverse_. j 


4, A BA 
APPENDIX. 
Plants of wall-eyed pike, 1891. 
Name of waters. To whom delivered. 
Lac La Belle lake... 2-2-2222 Le 
Hiverlaikes: sweats suey bas Bene : H. T. Cook__...-----.--- 
POPINAW DAYS bese hy) sche ve Mich. Fish Com. _______- 
Sugar Bush lake. it 2) ee. Walter Burling 22.2. - 
‘Thoriapple lake ey sy ies Cole ney iain wig 
qua ke: OGessAh fee Series Awiss DOING ssh e er lig 
Horse: Shoe Jakesu 0 ug ye 
A VERA: LAG Meira ese aE ae Ma LL Melville S. Pratt_._____- 
Pearlilaker de ueoU Re ees ele 0h 
Koaslaniid ices item ah icin tube Cla crepe)! BOWE Hoag lini Pasig! 
Mineral Spring lake.______.____- Chas. Ra APTS! 2h 
Coole sla ties we gtk al BE ea! 
Indian lake. 27  H, Barlow Jewell........ 
CW plik Viats ice Aa sieen in Dre una ARE 
Wriskoliakai ume ua aa E. H. Jones -_-.-----.--- 
Diamond lakes oe Ley Jase Me ODODALG ier) 
Merrie rn Ut egg eer ete aes AR HEA Bi Pardeanin sony Guin 
Baldiwinnkaikely cen tical Ong Cam th Wt BY: Dibble seer al! 
Pisasantuace ere eMC NN ei oy HMawitt Cases Aa, 
VW SEc Vad Ceol Ed Fes | CLM ANC ON ek inn eH Parsong sie ee at 
Mallot Vale fe moe log cher itn ele Pir le. emg atioaites 
Moon Take) se: eee ey 
Rewiabe oe oe er pames AN Barry = 
PR ver lie indy se Sa a 
OPO Pas Buia ca We enti i Rea he “IN REG TAs GET a (= Vode Laat a 
MeCormick lake) vo yy lt ae. 
Begel fi PR TR as ao ae A Z“. B. EROUBO en irre en 
TIO DEOL Groen aur ey ne EL Wm. H. Johnson____.__- 
Argentine mill pond and lake___| G.G. Sutherland______.- 
Name PLOT ALON tie ea Ue oul) HEE Prindle ies reams 
1) Ce Fare RR pe OR LOIN be Samuel D. Mills-..2.202- 
Nifelaken: yi. Jeuree Eat gs lave Dig James Monteith _____._. 
MET Sallce eine SUL bile ENN IN Mahlon H. Bray..______- 
Pine talemn goer ane enone eae Jason BE. Nichols__-._._- 
Leastrange lake Sue A. W. Hurst Bee} Me tLe 
IParwelaice age glee e kG een Tus G. T. Greenshaw _..___.- 
ide he Seipl ee nee ey ea MarR Oak 2G GU Wir bis Spratgcee uae) i. 
PSV ATTA) LAEER UH OR ska Frank McKenzie _______. 
Granberry- lake wer role ale: \ 
Batsoere lakes eo ea | 
WI Coe GO eau Oey etANl Nutone) +George E. Beebe ___.___- 
Pleasant lake eG Uae, 
iad ig ty EWES i MANNION EME RDN py ar Oe 
Grasmilalca a su SOG Ts COA AB Serb a RRA Cae TL 
ere Dal taht erate maar ty \ Thomas Hewitt..2050.0. 
RU tatinlce 0 uur uh UNCLE an Charles L. Bolles___2.._- 
Sugar Lioaflake {yo oto AWM. Wellowseic oo 32) 
Gourd Neck lake 0 John) EB. Pabst. ois oye 
Gourd Neck lake HAG TOA ROY oe tues nee hs! 
Sherman takes. Sy eG: Wi SrtA Owe MO IE 
Sugar Loaf lake -.__2____ BLU John §. Harrison ___.--- 
Bealtoy, laa o el A a ‘BD Mosher wicer state: 
BT DCB Kerio ee OE ane Lite: Mone is ICs ueentivaarig seh Uo 
UA lee cts a aA DT ee oe Neal McMillan... - 2 can 
Detar take Ce Co a W.G. Grovenger_______- 
CADE DOD AO eo UA ey James Armstrong.__.__- 


905 


225,000 


5,525,000 


135,000 
225000 
225,000 


100,000 


225,000 
180,000 


225,000 


225,000 


225,000 
180,000 
225,000 
180,000 
180,000 


450,000 


225,000 


135,000 


270,000 
125,000 
135,000 
450,000 


180,000 
225,000 


135,000 
225,000 


225,000 


180,000 
180,000 
135,000 


225,000 


180,000 


180,000 


180,000 
180,000 
135,000 
225,000 - 
225.000 
180,000 


225,000 
225,000 
225,000 
180,000 


405,000 
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Plants of wall-eyed pike—ConTInvEpD. 


County. Name of waters. To whom delivered. Date. _ Number. | 
Tuvtie lake vec uk eo, anew if Petals 
Peancuaa Zeger lake osu i ee ae Melville S. Pratt_____ et Mey 9250.23 100,000 — 
mana alat get Mumtfordilake: ees ore eee 
Devilleilake: oe eye aes Jy os AIOM hota ce ep aU eens efi teanarec! GS luca Ned 225,000 : 
Lapeer... Big Fish lake____...-_---- .. --..| Peter Wallrath._...__... apRn Ness 185,000 
, “CT Pleasant lalke oy cols sero George G. Winans______- Peat Keats hay i : 565,000 : 
Strawberry lake siso Ree es John F.. Lawrence _.____ Sho Dal Coheed 450,000 — 
Grookedlake sae wees ans ‘) Patera 
(Hark’ stake ce. 0 i toy Sr aay RR IC ee, 
Round lake eT] PObarles H. Cushing |“ 12... .| 9 aanaang 
Sant ara SAV AG aL Meat uats EAE) tin Shag 
ne AT AICO Tit: ule a De aan een a ; pgaeaate hye 
Livingston --___. 4 Longa Le J. Wi Lawson ee 900,000 
pland Valse ii uitey eo ; 
| ey Sys Now Occur Aue a P..G. Russeld 224-2008 be ES ne 135,000 
Pierelake te se RU gee Nk 
Frarkev alee le le ease oe nee Jacob Seabolt____-_.___- pease isrea YE 225,000 
israel ee BES CUTLASSE Be Rest Ba op Rc Charles E. Hiscock .___- bing PAVIA M: 360,000 
VOTS ARKO ee eo ae . 66 aA. 
\; Aetaiy falco peo a by . KE. Martenis _..._____- 7 Mileage bahtoakt 
PE 
Cusie dakar te ae aa ts Hy 
Macomb__.._... HT rion aga tbeata an aematen aat } RB. Owen oy it) Oe el ase 155,00 
incoln lake yee ee ii pate 
Mason -___-.-_--- 5 Pere Marquette UV; ies \ Roa pn eto ma ba. W. Graham____.- rime OD oar nto ities = a i 
Le sects jog! CW lash WU IWat Wanna gente Wa dees A Sil Wellington Jones_.__._- mbes WR 180,000 
raise Sauer Gide ee arm W, J. Slows coi b pe Ee, 450,000 
Missaukee.__.____- Muskrat lakes ue Mey ...| Frank E. Cornwell. ____- gies pa a, 225,000 . 
f pelawin ee See ts ae aah ae ean 3 y. 
ULZGSS BAKO Eee eer See is oie 66 Anita 
Montcalm isan Fatal lake Wo ge Sa ee eae adhe esta Me! AN I. Phelps lett taeda eee’ 12 aee--* 315,000 . 
Ohromo lake: shno3 ss ay) 
Ky Tamarack lake Yo oe eos? Aa ie ad ae a 2 eae aes 185,000 
Bie Blue lakes) 54 co ae 
Muskegon _.____. Dueck lake eyed ecg ea a te, Mi Rurplessss an mW: EA ~ 180,000 
Grystaliake hese ai evr 
[| Tigilo Brooks keke 22 222-2222202.| $W- Heitor... 1 225,000 
| Big Brooks lake. 00-0007 Will Courtright._...___- it 0 en 225,000 
ickerel lake use saa ae ee. 
Mewaygo --...--. + | ‘Two Marl lakes.......0000. 20, te, J) Hewes ee Aer ee 995,000 
[ogy emanate | 
ittle Mar! lake _-___-2_--22L Le ‘ 
iy Macbinke ee ‘S. D. Bowman... a3) ea 225,000 
(Mace! Day lake eb eee Charles Burton______..-- Goa vnc 135,000 
Three Mile lake. ooo ele John $.\Grayoo ss paca be Meera it 180,000 
| Orionitake sien 2 cou Ways) alone C. Henri Leonard______- biahaats €: Ras) 135,000 
Stony lake ls sesc eee BR Clark tiie eae eA © VAP 5 225,000 - 
Oakland.__.__._- Wing dake oi) Pen See a E, C. Poppleton______.-- ety Ree 180,000 
Cooley dake) 22. 205 a ee es Sloan Cooley .__.__..___- dea FN) 180,000 
Lakeville lake__.-_.._-. ee. Geo. A. Nettleton______- pena (La UEN 225,000 
Blizabeth jake: 2205053 288 ae HW. Abbot eio 7 3 Maiots Web celety 225,000 
i Cranberrylake 22203 see ae R. B. Owen____ -_- P fala nbeaaae 2 Scan 70,000 - 
Oceana ecko ol. School Section lake __.._____.__- Len. Keating 2. 72: Soot RM hee 405,000 
Wright Jake. aussi Orr es 7 
Bie fake | | 
U 2 C6 SRE UC EARLS pip a aN Se RR dts Eat C3 ‘6 } 
Osceola ._.____- mA ottaal alo uian mine Fos Oe ROK he ol eee PA aa 225,000 
[ Briges takes Ne Ue ee oa, wane 
Hicksiake jis oes de ee J pte 
Porcupine lake.__. 2-2 John H. Green___.._.__- heh PAs | 450,000 ne 
Otsego --....-.-. } Otsegotake. cso sol ot A. B. C. Comstock -__.-- cael co ede -} 405,000 
Ottawa °-........-- Finnery lake. .__.- penne Negi HOR Lawrence H. Goodale...| ‘ 22._.._| 225,000 
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County. Name of waters. To whom delivered. Date Number. 
f)Demisohn lake: kos oy). George Keech ________- May 19.___-. 180,000 
bY Pattie lake nee Oh aes al nee ly Charles Butler ___._..- adel A SALA bed 180,000 
Olea lakers eye eer new e rif 
Hisbeee si DEN 2 SAPO a AN MONA Charles N. Pratt -._._- i gecig! hi Ste 225,000 
CasanPuake Ace ee es 2 
St. Joseph. _-__.. irae etal. Shi eae) ly anes B. H. Putnam ____._-.- a neice: 180,000 
TLOSSINAN as KOLO aNns pal MW, CaGrayec ce ou oe egy pt ee, 135,000 
 aliett peep Ore PS MR ICHANDN 10 A James 8. Pearson _____ Nita ie BS ean 135,000 
Garson: Wiese wor Gee eS ‘ ‘ “ 
{ How creek Hiker cu Jay: G. Walteyie ee 1 a a> ip 180,000 
PPaae athe Ch errr peu Mnale Kasse fg em 225,000 
| ake Ory sues i ee aT ig 
Van Buren ___..- AZZ ys lake Coy ee ea oe ave CER Dogs uel ee yeaa sci be ph Skat ih 225,000 
Bankrouslake ea ea viaay 
Hy eesrionaInkeotit rin) (Fo, J; Miliget Uae re 225,000 
’ Washtenaw ...___.. Cavanaugh lake... 222) 22. R. S. Armstrong _-..-- AGL Ro apt de 180,000 
little: Glam lake ia tea ies ts 
Wexford _...__.. ; Binh emir 3. G. Mosser ___..-..-- ty seh 405,000 
RI apie eee ESC a EAN AAUTE Ca Nee NIA RROD TROVE Pie Lo iit MUG Y a Nd Do EE a aa I 27,045,000 
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County. Name of waters. { To whom delivered. Date. Number. . 
tAviegan ios oS Barlo takes cee 20k: bot cee Charles Killefer___..__-- JUNE (S228. 400,008. ia 
Barry. es Crooked stakes. 20S. 5 Gi ee as J OBennetto: aoe Oa in 400,000 3) 
MBeENZIO Le es, Ge Opyetal dake ee se iON TD Ne A. Parker. oo ooo. spun PES : 700,000 ane ? 

(1 Spring lake o20 ca i dear Wetherbee) 2.) 5. eet cas Feb iL 200,000 ee 
| Dinmondiidkoe se S ste eye ws Bi ede ln chic as Maree blastn 1,000,000 
vs SE EN NIORS, ee ir SNe ten SPs J. Mi Shepard 4350252: iAP is Ara 1, 00,000 — 
| Twin lake, Soe Ae eae a |. Worden Wells. _.._...__- Laas er el 400,000 Pin 
ee 4] pine tnlger cae Toh cys ete Big Me ers © Benen] 800,000 
Hemlock take 352 Ta gee BOS UMass RM st rAd he ~ 800,000 
WENGE Ie al ae ca cen iM Wade isc 2e 258 Ta Pala nest 200,000 
PA HAE te Ke ase Lwilan ka oe Slay ahs Edward Cass. 200242 eS ea ya ae 600,000. 
eens Bea Onan ae ae Dare eae Bits Parson oes es OF 9 ree Mae 600,000 
Calhoun {ceo Kesler jake js yn eo Ee Dg TA « Kesclnd b's s BAN MIAU NMRA Calnlaiasta ghre dapat: ~ 400,000 
Cheboygan __..__.- Milibg Takechecc tes Sioa ie Hy FESPiRS ee age RB Ss Bee a 4,000,000. 
Clintom os Giake on Secazd Nee eae ae BY w (pies a0 =] = tian ae sal RCCL ba vce RATA: 400,008 
oa sete rave re MYA VEIN NYS lhe Dan. J; Gahan kan: SA eM Date on 200,000 
ota g eae Gampelake ce cra teh Py Carlene * te 200,000 
Tora 2. Mone Tae ec ete ue es te Benjamin Hall___.._____ the eae ae ! 400,000 
FA Rot dike ei re ei a2 ee Charlie Van Schoick ___.| May 30____. 400,000 
| Oranberry lake sos | 
Witteclake: SNARE RAO SURE Lg E. Beeb 30 1,000,000 
2 The SABO woe soe es eorge E..Beebe.__.__ 2 ies) Mali ,000,0 
Jackson --___. -- Plédasant lake wo oe ue ' : 
Wr PB eice ora eve ones 
FURR WWALLDY BS Lee 315 Ui) ile te aie oe TS. Rhodes 220 24r June) eos se 200,000 
ie oF Oe a pasar Cacia Sa reel eep Frank McKenzie.__.___- p Wibende Ses 200; 
Suvariloaf lake yy sce Jobn S. Harrison. _._._. SERBS sets 400,000 
Stale aes ae NS Ra bes de ue a Bi. erer fiee The ot te p es a poe 
HWHOD A UAKG2. ae yoo nay: omas Hewitt... ee Aas : 
Kalamazoo ..._.. 4 Howard dake ieee Ae eis Be ig tiicea ia asiee at ta ay Buea 800,000 ied 
t Sugariloat dake: couse a ae A.M. Fellows. sci 2622 eee sts ree Lt 400,000 * -. — 
Indian Jake ols ae os kis INN 6 ONO 8) sort SS ede ies bl St. 800,000 
2 
* 
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R, ~ Plants of wall-eyed pike, 1892.—Continunp. 
4 : ; alleen Para MEO YE SL Saas 
f wr County. Name of waters. To whom delivered. Date. Number. 
ieee Red's Wer leer aks oie citer ark iis Mich. fish com, ______._- May |27.__.: 960,000 
Aran, Sra omc ai ee, Henry F. Hastings_____- pacar a hb 640,000 
CD eee Eco) ptt 1a NE ERR WA Da ae 
Met ds ) Wilkerson’s Mba tine ty oseph Cramer___...---- June 3.07) 800,000 
aiiveecge rte ele ee OUT MaKOr ei Mahesh 
od aiee ie oh | Seth ae ne cestoheeerenee” L. K. Madison___._____-.- ne Me gas s SRP aAT 1,200,000 
lh ine island lake ogo 
a, Wiabupia lake tude George L. Stevens_2-24.2)) > 822.2) 400,000 
is er Wipe talerce nie Ns ut OG. Cy Darling 200. i phere vce 400,000 
(hn: Ri Wampler s/Iakesi. ) ok celui) Bierce eee May. 30.2. 2,000,000 
keen Lenawee -__- ---. Rove sales ie Ue yi F ie pe SPH bea ae FL PH aU) apie 
ma TRG th eee ste LCL ue ea lk » Hf, Halladay. 2.0) 2. Mie Mile J0, 
ha MTs Sebi 5 reg ph ue NG 
Bidwellilake ici yar ye eer Sehi 
Livingston._.__- | Pickerel lake CO RS OAr arlene GB. Cashing. 3! 050.05 5. June 3.___. 4,000,006 
ordem tala un eh ae ey 
inebrophey: lake. 2) cisions iy John M. Cullen _._.---_- hau Es: yea tal 400,000 
SEY 0) « Mh Rea a Malt aD Gindaketan wre ta gy Neer OAR DOD Yet hears Robs Laser 200,000 
gS TMT aad EE ASTI ae eho Cit Fes NGO WOM ee oars To So MEO ue 400,000 
Seat COWOOT AKO ee ikl uls cea ES B.A Stryker os200) 20. Sat Walia ea 400,000 
EN HInE TaGHa es PAO he ee See Ge ot PNET ed cele EW IS Rs ee a th Walks Renita. 200,000 
Pitas Muskegon ..-. -. 4 aaa ne pei 5) 0A SMALE ha OY UR } 
ae Rw SEBS WAKO ee ee Be ee ee ia 
fi | Atak ig tl ear ca er arc necan SI Thelin ar 2 Bh, 1,200,000 
mS n Chromo Jake ie eyo! kG! J 
ae ee Premonpdalkesu) We hk ie 4 pe 
fears 1.23, and sth "1 EP be ee a he Cole.-.. 2... 10.._.. 1,000,000 
Z ? remont lake 1 
MM IRO MUNG emer ahi LIM aes oh acta! are a ete nc me tet A. Gerber Sina ts 1,000,000 
pret Paar ARCA BT LA RGR er Mere hore ed) Cretan pear (mint rir mnemcatr a BSA. Snore Peo 
». Newaygo ------.. WhEep tako ued ae Leg hot . 
Ane ot ite ksi IS ie ID SUS fe aa aL Rasa Shiny S. D. Thompson. _ 2. 2_..-- vied ei ht Pia 600,000 
BE Ss LAO aor ee a SoG 1) 
,s Ginbickerelviakee inks Werle sw Hadi Hewes i yogeciny lee sue Sh TON eae 400,000 
Ra eperana tc) 05.2. CRVAtAL IABS Clucl ono RY Fred. J. Russell_.___.__- Pa AS BOL 400,000 
on eo ee BASH cent aMoata NR May 27..... 1,200,000 
| Coole iakes ons AUC Sloan Cooleyy fou ik) DARL Y-f parece 400,000 
j UUs ic con hecau Scan) hemmairne John S. Gray... “ 97.._..| 800,000 
f Beret ares Watkin’s lake (000). 00c0.. 00. -|) By HL. Stowell... SIVA Mor acne | SoH 400,000 
a Mreharailakary tee WA ee sk Hidsbaylorsy eo wow aa MAE ONE Hah 2,000,000 
{ | Mace day lake ....-...-... 00. Charles Burton.__.___... ON 300,000 
We Maswlakeqees ris we we My ohy elt Gans Breeman ooo ee Le eur artim 2 401,000 
VOOM Akay csc RU ge Van) Due Shaw-_-.-- Up iat! fe Ea VO eit 400,000 
“a Se SK Demijohn lake ___-......_........|.. George Keech __.____.._- Jine Pi 200,000 
cone LES of O15: oc MRE RRA eG Mich. fish com.__........| May 26____. 6,000,000 
Wee Sb. dairy 6 WOLOYy Blake woah Aco he, ween aka Ty PAA aa TE June ; pial neta 
, it : : ae Fe HCY A a A a Cara wc ate a ey A ra Pea ne eRe Wee Oe Whee? BUTS aoa N i 
f 4 iy Paw Paw take ice as Pierson & Baldwin. _._- sy iene: Se: 400,000 
SEAN ‘Pires mane lakes yk eo Vole Te ee Ce Brele oan nema iy Nib i eas 400,000 
GIA Pugsley’s Jake. 20 lee Fred. Belsborrow_..___-_- Hp ators Sauna 400,000 
Adio Vad burens 00. 4 pekoo! aren Hlspiunt weer. fg Jeff Chaffee .... 2222-2... Mat ches Ni Nee 400,000 
sie pas “hay Ap EET ce pe See Pee ES a Se 
3 pews Ogio LOO bo, YARED ey hcl di Lae Ba ea OS Sh SO 1,600,000 
Abid Banisroms lakes) oe oo 
iia Upper clam lake __......---..--. Mich. fish com... __...--- May 30..__- 3,600,000 
PEMA: Wexford -.....-. ; Pleasant lake sc.0 E, Li. Metheany .___.__-- Jane!) tess 400,000 
ei OS TES OTE A SE Oe a OO Ne SR VEER MCE EH 57,300,000 
as 27 
Os) oy i 


Depositor. 


anne ue 


Hi. H. Gosateh ee Dee mor ‘ 

dA Newman 000 2c 3 )) Boppertown 2) oi. uaa 
Dr. C. W. Andrews _-_-.-..---.-- Wayland eh 
| John A. Bacheller ._..-...------- Quimby ae ae ae ed 


legis ih Houehton: scl \oeac ae Rise at ambein a ore: Ween Shee we a 
C. D. Brownell ___..__- Le Tp New Banana , 


(O-R. Harrie (0 os Raita nwe Battle Gish Pees 
EF. C. Courter... 222. . CG Sa ga ae Albion. 5 UPN 0 Gi 


> 


ene pe fj: Edwin Hayward. 200.03 ‘Casnovia ___..- Rake Sha te 3 


; , | Fred d ones so 30 nee ee STORER ke 
iG cae Pane 4| J. Pred. Morrittc 3. 2h as Williamston —..--_-2-2-2.) 
Y VANS RAT Oo: Ane Geo. W.i Bows oe ea Jones Dungy sae AUT eae Sea 
. | John Bickle ke, Fi ee TS BENE SL 
; % Daniel Ludwig -__.- BIGGS Souiness Newbury PS agree soe a i 
a ae W. H. Merritt... eee Rondo av uly ee ees 
CERO ream Oe { Frederick Lautz...._........---- Trowbridge ._---._--.1--- 
es VOIBNO Ze eth Oliver Beamon io. bso oe Pew es ee ‘ 
ree . Robert Hubbard _._._.___..____.| Chester..._.___...__.._._. | 
te _ Eaton_..-_---_-- q § Benjamin Haight__-.--_--.----- Vermontville____.___- sees 
; Genesee_________--- Wm. Tinker, + Bidet Mey Hea Grete iy oa Pie ans ec ce eee 
ne Grand Traverse... SO SCE ts Gd at shat shes ypvidedeaaa mL iB taresere! RN Traverse City ....--._-- ‘ 
Gratiot Ges } George Argent. 628) 3S Shas saa Sumner i Beas Sbeneakes 
: JOS, dapeberl 3.225 oe ees ‘Sherman City __._____. ise Ae 
oN Isabella... sarin ty aay ; Nathan). Conrad. 2. 23> ss ee Russell -._-____- maa wea rON ay 
Poniay. si eo ur Ge Hitchcock nes ek ay fr AUN OMIS ek ea ale 
Harvey H; Raby oo. ees. Norvell___.__.- Bae Maguay 
®: Jackson... __.__- i ; (DOR 8 Fed of olct abecmdeelnann meas tu Uae Pee) PIB ORRON Sy hoe etuieey ie 
Kalamazoo._.___.__ Nathan Spicer ..______- - BEERS Li Kalamazoo. i.s.._-c0L. 
C. O. Smeadley ____-_- ub pea eld Se nue Rapides yee aw 
Mento ge wou Alas. BOrton ose sie Sead ey gL ao gS NAS se ef i 
ait Neal McMillan ___.___ SLSR SAIL Toeutord SUSE PRI GS Fae, 
ai Lapeer........----- | Anthony Williams...........---. Attica Le CEE foe a : 
Lenawee _... .-- Ua Fels Rv a Wee aay a PR Ge AGU Devil’s Wake ee } 
Livingston .__. eae ASHAMED cere vous ee tae hie enemas Howell) 25.5 AL Ue eae 
Mason 2205 ooo -s OPA TODY so ste ME Lae RE BOERS Pree Soul soo ee ee 
Pay Monroe. __________- Franklin Words: 307) eo Dan! eee eae 
Montcalm -______-- Edward: Dann o. ico usec ee Gowen. i002 oe ec a 
e Muskegon -___.__.- Oe en ay oh Che oe ae Muskegon _-.____.__- eueual 
‘4 _ Newaygo Pic Gane Ve es Gs ela Bae ie A ahs ae Newaygo _-__..-_.- 2 site Ba 
hin Oa Meet as B. Greon dae ets Pal ON ap PRCT REI ety alee 
a omas TOO ee an 6 0B ienige, MMU Mioaee gs ead fsy>, Wesley 
Oakland -__..___. Ac Be Coryelle 20 ees Demat As slop savet- pour Man tla Meio ee! 
BAT GY si GUE ie a NON ea ea Oxford 


Hise: lake ne | 


.| Brown City REPS EE Hse 


¥ 
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Distribution of carp, 1891,—CoNTINUED. 
DASA 4 Shih MILA eG NU hoe i nde SS RUA Dah fat oR 

County. Depositor. Location. Date. Number. 
LE UIELOW OLIN seta rtad Foureh cr at Alte 7 CREO ee Cee aN Sept, ).22/2- 25 
Tuscola -.__.___- ; MUCreribg. or a i Soe os Juniata vessel te 6 EU Cee 25 
Wee one UI vara Wala hea ee z UHC ULOMeS ey Uy 6 i oo 35 
ATE WO SASOO Ks 20s mn a out FTAA 3) 6 ich A ee ML ob aes st 79 Yoda 35 
Van Buren... ---- pS as Iya a Co] 6 COAT a ee ar pla Wa dll Deecatariee Aye el Le te April 20__.- 20 
A) he vaa tefl So (2g ih ROAR, Pera yey ae Rare iran yen, Wie Wee! Uy Latta.) May 10.__. 20 
I2gondin apd SHho $n MNuubr nn trun hol gk A MUR Bridgewater. 2220) cull oo2) Sept. 25_2-- 25 
Washtenaw. ____ ; Asro Pletcher. 2.25008) os Y Gaia tie ea Opa alae 25 

SS EL Mayle pa 2 STS la co UT Sa 
LORE yyg ela EL alla OS OAR ELAR a ay eR at SM gc ORB RD ry aR Nn) PT gee IO 2,281 
Distribution of carp, 1892. 

County. Depositor. Location. Date Number. 
Barry cst Whe SMU ROsers lec eee Oe a Hastines ices yee Oct Tiss 50 
Branene et WEL Govalle we tee Due eRe yy! Garon City oy eee Septs ato 50 
(| Cassopolis Milling Co._..____-.- Cassopolis yobs gv a eat a a 50 

Edgar Wetherbee-_-.__.____.____- ONES OL SNE a Bua Mel Ogle 50 
Care yet 2s, DOW OTS ae ie eee ey uN Rh re ate aia gh Raith Cae ot Nn he ty Me ait 50 
Georze: Detrick. 2a Wars la ae ise ee hea SS Hk OTe lene 50 
Ci Sylvester Grise 254202 2eb ee Summerville _____ Nova (teu? 75 
Fachariah Pitele. owe Paes wes Breton sia fase Sept. 27.___. 50 
Gathoun 2242 ee OGUEGOR Nun IA nei IL BI OT ee ee Maha a) reuh herent ty 50 
He BS Hoagie ees eh SS RUN Pa Chal Ps Dek FS VAS at es 50 
CHINTON ee eer A. Schenck & Son___..-.__.____- DET Yeleant SR A MRS Me Oct s FR 50 
Grawford _.._..___- DA Strutzen perme oe ses sah. VAD DOIUZO L Bee ware paw es ste Cy PAs jap ta 50 
John Hoytaleiviez ____-.______- Paris viblea ny cok eee ua o i tsitia fy pe EN 50 
Huron -_-_-__-.-- ; William D, King... 7.0... PinnAboRie oka ee ees aa 50 
Grebe se aiW i e al Danieh Spires. woes ope ie 104 Du 0S WhO ate LUO IN ENN fa ee ot LM Sept. 28.___- 100 
PEO Eyes Pua ees re Ne 8 Kalamazoo. )22 seh. ihe ib fo enue 50 
Kalamazoo ____ RCA BOULS oe cers erie ee CR SrA Mtg aD ioe ahaa bat Palikiie-t age 50 
SLOSO OU ELED Deets eee LIN TAIN Ope sks MN MAY oon re Octie12ts 50 
GYBE Conger eine uae lala Grand Rapids... 22.23 Sept. 28____. 100 
Kente sips Neak McMillan ojo Uae Sows Rockfords iy jaye esa Octiei awe 50 
an wmWarlwle ye Aan sos ky aR uta Mee gE UR RS Maal ag Wy are 50 
Lenawee ______ _--- Pe Pe Bntchinsoni 22 ot ae INA GISOM soy ane Bw Wedel noe) AY 50 
Manistee__________- William Knich.._..___._____.-__. Manisted oo) poe yeG a es Sept. 28.2__- 200 
hs emma ee ee SB i 

ro) SU Wh of fe RNR hb urlaheane ee OSE WIT OTE eens sepa Ariat -to pila ea 
Oakland .___._._. SwAlexandoer snc sl ytee eins Birminghany een fe MARY co Hees 200 
Ova OC Sct Oe) Sey Ee wie a3 Keay Bea UL RN SLO le Rey Ruy so a ase 50 
St. Joseph... ._.. PPV OUT hes ees ety La Uae Thred: RIVGRG.: oe taue one mo ord ae 50 
Van Baren --_--__-- 1. Broadhurst oo. 5. Detatar juss oe, ee July 29___-- 50 
Wexford ___. ___._- dont CoOnper et ob ote Le HODRre os eee eS Ooty 1s 50 
Ea tee PER Tg SE) eR MEE OCR YL eng Mey yl ADE baile ha Teele ANNO CUO RU TE ao) ol AULA ye 2,025 


Allegan... 0.1L. 
sO baa “No NBMe-cls i 


tae | Mud Jake..--.----- Neale aa a can : PONS aE 
Pippi OO!) re) ONE MAO. kV gebe ete ee ae a 1 arpen A stots A 
Asie Barry. 9-0-2. Re MOOLE hee ec euiey aa Sie a Maes ‘ 

COE Saa one Sugar Bush dake Ciena hee ba Fy Walter Burling... . ase 


- Branch __.._.......| Goodrich lake.._..-__- soceeh os] Wy He Maange. ou 1 


io SAUD AN Sand Make ee 0. a afer oF 


te 


| Nottawasepe creek.__.__- co ON BE Bolom he 
Calhoun -_.- sed No mamec i sci ie oe bot CIN ean Osgood. -_-,..--.-- raion 


Indian dake cite aitnes we ae ps Mur by. eh hee 
wait Cass -_.----. ---- i Monkey run ___.-_. sie T SA ORS pets Sas Witherbes.- Buatiuh wise 
a eM wna Crooked lake____.. Sg ihe MANA Ge F é aeons Le 
eis Cheboygan ___ _- Cassilakeu cc ile On ee Wn. Witegerald.. ghee 
near Douglass lake. eer ‘ ; Ris 
lee Kileditee: Ge tio icone LC. Huxley... 
‘ Cramton ud rnd inke om at M. C. R. R. Agent.___1 | 
a Eaton ST NS done Waker ot Sane ee W.L. Preaek 
eta Genesee ___._-.._-- Binigham ‘ereek ia eek oe es BD. Smiths a 5.0 toes 
IT AND cae ee Ping Tan ees ee ee a Stephen Ostrander..._.- 
ot 3 bit pat sane ae MeHain tate sey cou ni a) John E. Martenis_.._.__ 
is i Hs a eS Hillsdale -._-_ -__- Head of Hillsdale creek ___.__-- Edward Joughin_______. 
1 ; Turkey Creek pond tooo 320 ey ; 
eee pCa eit A at ye ; Bia vier uu wat ene tH. Bailey _-_.- donors boat 
ute! mG SUE ( Michigan Centre ponds..._____-. | 
: Vandercook’s lake.._..-._-.-_-_.| | 
Ki! # eee te “Cops Be ners ben v Maa Hd Ah oa EK. Beeber>_ 2-2. 
nid OMS dake Sn io othe eae ae 
stance ne Jackson ~_. -.-- 4 ee ‘oqgian Pi foper em ana sip es Sty ; Ce ae ie, 
gh he Mego OLE GARG eC Ce ae SM), Ree ° ookway.__--___. 
vay | Clear dake snus fees te ny Bar F. A. Showerman._____-- 
harass tale cases! te ie | ...| Geo. D. Burton... 2 
| : Oey, Malemazoo 2.4008 o ; Sherman dake cise a H. Dale Adams_-._..___- as 
: eae Heikaghkacrec. hol bad ake t ee ae ie George ee He 
;  Feotmdidake fee BuO 7 oe Bea | : ; : 
an - | on, Fakes hee ieee aun te Ess She Pies 
Poh) Spee Mla Ung aed cre Giname ci yay OC ee oR owman.........--| Jt 
| : Camp viake. 52 SION ciel Os O.C. Darling. ___-... 7-72 Rae le tour 
al| Thornapple river__.__- bl eel Fle Bailey oo bce are July, ppt 
[Bronson lake. i hist uage Poa IRA pee SE Conklin. 
Neon a ceippere see oad NO mame. eee cae ead John D. Brown__u-..__- 
ies No mame sie cio tos BRA Nal iscr  deae Clark Linabury./_2 2. 
Wea OP Lavineston. 06 0. duome lake We 1S tts oe . John Ww. Paween sal 
! | Lenawee _.....--_- Rams OLyens. ses unis he A.C. Schleman.__..___.. 
Monroe _.-. __.- 2 EP OPON  EVOR Ms La Ae ey John Strong 
Rock lake.___.___. LE EE Jay Gea ee 
~ Montcalm ._____. Cedar Jakeisc 827s. vie is L...:| Sidney. Phippeny_i.22-2-] © 
ak Gowen pond_._--. TMM RS Hi. Bailey:__-_- See Bae 
Montmorency ce PANES ca Niet daira date } Allen Briley.....-.. = 
. Muskegon.__...__. Twin lakes. g.02 Beene ae _..| Albert Pages to 
re aaa 
Renee Sie ont Muskrat lakes isc suee es ao D. Reeder... 


Will H. Shrim... 


‘Hess lake_.___. ‘ oe ‘ ’ 
Alburtus Andrus. woe 


nee Island lake Pec uhane ibeeail pes an aaa 


1 
t 
' 
t 
' 
' 
! 
, 
i 
1 
I+ 
i] 
is 


N lewaygo 


- Depositor. 


Fe atx 


v4 t % iV 


ie a BE, Tirepte eee. ‘espn Faby Berd sepa es 00 
~ John an ee LA ala ANA keep 6,000 
Gln G.E niet k nth RLOA allay ios Baantteg Vise 4 a 7 Be Us Tye 
aa {John Carman. ee June 2%6.....| 8,000 
Ernest Pettifer........| “ 26... 3,000 
+ JODDNEH. Green Ws: qi) bbe ay (aes te 3,000 
Big eee Ue h eeak tact AM Navases. 05 222081) OE Be ae | 8,000 
laerbat mill EY, Ties eeu) . Wie ibe : 
Keimouse lake 22 co oon {John EB, Martenis..___ | Saly! sii es 5,000 
Jawassee river. 22004 Bs ORT “ 
Corunna mill pond RA ot ernnnies { Roll H. Kelsey__-..--.- re Bian Pie 
Pine river and tributaries... John Barbers so! Ne Ba ae 6,000 


‘St. Moseph rivers oases Charles Bice... 6 4. June 25.2... 3,000 
Clark’s fale ec a PAY! NCL _| Lewis Lanway.__..____. Sule yBa0 Lk - 5,000 
Soe A Mca TE AAD AR ebay Werriearnns bl a igh, 2: raat 5,000 


‘Lamphere pond a a NAGAR Maa Da Harrigon.) 2d: Jane 24___.- 3,000 
MAPA OUOR Wu Gtvcmucn cu apa kt sori. 

)Huzzy lake 1000000 2. SEN AL CE Dewiss Brie Oo i) Pale SMe bo ' 3,000. 

Bankrous lakoo 1s. 2 io 3 

No MAMO. Mies lu yi e sO .| Parsons & Baldwin____- salys-SeroLy 5,000 


Cavanaugh Tee eo ate one doe Tre. NOT uci ue ure June 24____- $,000 
Cavanaugh lake._____.._.__-_- ITA SAR LEA) re PCE ne De Span ain itt 3,000 
Em tord yale ees eee eo) m 

Horie ponds cue chan er EL ART A FOALED Oye uuineyD RM Ly te Bee 2 12,000 
Slue Le Spat on ey AU RG “ie 


‘Clam dakepunepeics itu: Ag at Enos Clarice 320076 «< _| June 26____- 3,000 
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White bass plants, 1891. 


Name of waters. Depositor. Date. Number. 


Obgaats LENE: pURh GOR TA Ss dap fo ae a Michigan Fish Com, ____- June 9.__. 300,000 
Gourd Neck lake. 72077 Naat eo i ys riya doa a Mi Gents 500,000 
‘Clear lake IL ATES, UO ae Ape a eae mh Py at 2 i Se 300,000 ae 
‘Orchard lalea beac es Tey DA Oe ee ee i 2 cab 500,000 
Black Watnatiake 2.0.) wilt be Leah era an af nes 600,000 
| Gravel elo hansen uit a Hs seas ps SLA ea oF Qari 800,000 i 


Ady 
yi KA 


2,500,000 


<'J5) ~------------------~ —-en- en we we we ee ee ee ew ee eee wee oe ae ae a ee ee eee 


¥ 


The above is a prateniont of the plants of brook trout made fan 3 e Paris eile! 
879, the year in which wae trout work of oe commission was fomoved from yas: 


SEYUCUER RN CD Sedona ryt EE SLANANRS BU LES as JF 1,532,000 
BOVE eta db OR CK omelet et apa be ae 
bce Pastas se M _.-.- 9,310,000 
FOr OR aT ee OO 
12,520,000 . 
ie AAC fli Sal alae ie eat iy PNW So WM 14, 545, 000 
i Pa aS ESR ale gant SIN Fos ESTEE 10, 695, 000 
3:000,000 Ss e 
18,170,000 | 1892 ca Detroit. sation in says abs 
Sree a See, er SoH et Sa are ees 23,785,000 | 1892 from Lee ane Marie station 


asa: URS DUT Raat ie te WR ate PERILS goa Aen Se NE 1,120,000 
Vay POA wee Rei nike? sewer eso Cini SH .... . 2,040,000 
a MO Rd Se USC ae i ii ge IU, 1,806,256 
Ds hre  MOBT GUE. ies te Aisa On Pa Sea ann “77 3,280,600 
ASSS ee DUANSECH cree ine ci clealdis UNMDAI SO SL ye sty "492, ‘000 

f DORR Go haha Fee ae eae Dec gS eek Gre ey Sele ea ee eS 


Weta tose) Reha Hy REAM OR UE AON NUR Cred HI 1,098 
" Sha RN ae Hepa SAugsy SARL UN MG i ee 2,0&8 
Cee MY ce Mel Fo 2 NIDY SR ebcea Wie NI c SSS cee ee agua ay ae UE Ns sa 3,422 
: i bolo Nd esha ipa lies Ae geet pie ER pa ty APN 2,843 
: PRG ewe Reel) Sitar Renee oe es SWE ea 3,878 
| i AER ul erg EOS OS a eo a ete ae ie DN an 
S56 
ese / 


Total plants of Atlantic salmon. 


~ 


cole ane ue le ETRE SE a Se 81,800 | se sy a ae 


8,000 i TOO ee ie ree 
5,000 ANC Trg 


20,000 
60, 000 


Peghnat oe a ot ma St ay et wa wns Js cn eww iw aa an 


wn ee a en ee ewe 


; is oe ‘ Total plants of California salmon. 


Teepe iare t : 45, 900 ere ctiew ne, Ment oe tet Wi i Sees 73,000 — 

ES ANE Sea ape 419,930 oa RS Ta Can Aa ann 205, 246 

SL OE VEE a 323,000 | BESS EPS CO RP 575 

SS RG eR ee A De ik 227 000 | ) dst AEE 

Peels or Ree Mae STAD SMS SN Nay ke SAN SRL NON i 1,304,651 
eee Total plants of Schoodic salmon. 

kD AA See ana ERP SCTE SR Ue TMM Gs bec Rite tel Dg Cn Rana ARE ON 48,000 

ee ee ee eee eee ( 26,000 | 1886 a a a a a ee ee we ee ee wee eee 23,000 

MEP Huei RUAN Pee a MLS iON LE NE IE ALU OTN aN 23,636 

NTs AOE RET TT et ig tty MD el Ae UE Ree Ue J DN gOS aa 713,424 

CE ase 13,517 | MBSA Male, SET AG Ua ue 5,000 

Pc et Uae a A RE ea Ca IT ey SIC OUI 44,000 

SESE ABEVIN CICS PRES N38 ce (ROA NRRL EL Ro RPO EERE 329,618 

Total Teihes of eels. 

SEROUS FESR LE TN BS NG ay Am eeN Ta yh 236,000 

id Sle NH) LOE PTL SRY ATT ARCA Ga Bets CARO NON SR et GEENA ONES REE MS ASS Ge 325,000 

317,000 | TROT Mo Raa Comte as erm aN Daf 273,000 

EDA la Gist WN ica) any 390,000 | 

ANC CEE ES BAU ML RE ROCU IN ESRC OIA al allel he tpos nem eae ee 2,211,008 

Total plants of black bass. 

£2 LENG IE TEM ise AGAR Sa Hale a a A 3,500 | ASB Estero ean Ree NE oe ba heave, 1,566 

TA TORRID Mapa NS RTS OG UR ROU Me Ne NS ke DS Tie Coun ha a 185 

NOY SOUS ELA DN ANTS A AIAG OR i ek CE RG SC Pa 12,245 

Total plants of white bass 
2,500,000 


TEMPERATURE OF WATER. 
DETROIT STATION. 


“1891, 10 May 16, 1892, 
1891. 


Noy. 


1- “3l_-----. 
April 1-14 
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} PARIS STATION. 
Temperature, of water during trout hatching season, from Sept. 29, 1890, to May 


12, 1891. 
1890. 
(EN rol RAINES eT a AME UR EE 0 al SE 42° 
AP GIET GUS 0) eae RSAC ea ey Pe A ees NA 44 
Popa” AE ek ITT AU Napali ler ee 7) STR 44 
i Tesh Ge ETT SCN Gi Aah ME a 46 
1M 8 FT ISS MAS a Ue els a RE aU 45 
Pee RU NM un Minar BSE T MLAs lei cot aN 46 
ena iepen eae Myre y Hey ror) ail elon wc Ras 44 
Feed Crom ayers konto Weed OSES WN rat LD 46 
Gemeente vert Nie) y UAL wa Nhs ual aN ean 44 
IRENE TAN Nana Oa NC MN MUN ae ser 42 
Th? jue AeA Eee Ro RRS UR diareeha PATO Pe 44 
CVC 1! Al Re Sa ON IN RS een LAN EA Gy NM Be 46 
Diane ree a ener Mew Wea coe aad een BUGS 44 
eA eee MOAR Tikit ANAS elar ina apr ol hl donate 46 
PATOL A tt sl is FagM Sa Be ILC NSE aI ie LL nd abet OAT 45 
eee HMw esl ele INe NL Tal vhs ov eMac nat LUN 46 
BU ea 4 Gas NS ALE OT at eR i URC ad COU INR ecg 44 
RR Re ET Lac taba br NHI Mey oy ett aT ae. Ae 45 
HST Sy LIER ATU SIE NDI ee Gia If aR Ne ee REL 46 
a SS Ne eA Te TALIS ha Lene Carte OHM y/M EG ING 45 
FAN cS De ND GRR sot UR RO, a OAR 46 
[ee OVA NICS de Wey CAL seat PGT, REN A EUW gO 45 
Eee oe eran SMU eN Rey iviem ian ess We Lene N ng. & 46 
Dheed CPLA Le Mae, Ou ymamy Ure ele aL STAN SR Tb Nib 44 
Ag MS Be Re Se SR OPN aL SNPS Oe Ray es a a 45 
[Pr Meh Ty op ae hel 8 WO aR AS a Op gE ee Ree eae og 46 
MUN Se Mii Nay nhieu Ma Ee 45 
Ae Tern ee cl Sealy cre de Sa ee aed Le py a 46 
fe 25D pe tee TP RE ES BARD Ni SABE ae Wl SO al neg 44 
PAAR Worn MENON Hee MEM LER eon Tak 46 
APRA a be Mea One Sy ep eel DT Me KEN E ebra eM gy 45 
a3 EAR OGRA ATLAS AS UA ets eR ST Aig | a a 44 
APE), cach a SENN ED BRR EAU OMY noe pg 46 
PAS hidl cL gsstlh il Pag Ue MU gate NU an AD TP EC 45 
AS SU SALSA TATA NUE ch Ce Ea ee 44 
JOSE VS SS cr SOR RR RRS ARAN mE 45 
Spee ane ren cy ah ly aN AP Oe WAT ald MN Neale) KG Te 44 
PPE RRT ACURA Re MUNG Rie MCE ESL hss ae TU ha) iA Ne 42 
Ca eT MS ti IEE OS cai 41 
Pet ree ee) REN Mur Tih MAN Maire PIR tito (avy 40 
Hs CD Sains Oye ala NEE ORC hd OO ee es 42 
TB say japlhiteg dite 0! yee OUR UTNE apa UR OT ia ane Ee 44 
eA SS AIA 2 0B AULA bh MO ef ch UO AN a 4 
Jeo Fe Bs SON HT yt ge ea on ot A eee 41 
ST-3 Sy a Ee eA aa ak Wea aR eee 40 
SOM ree EL Mere ene uyh Ret bik Meats eT STAN RS 41 
Mees Mee gp aeaten eM IU Sas Ue UMA Ml USS 40 
we (lr AOE alia PSA ACN UTNE ce CARLES WANA aA gOS WE ed 38 
PRM yo athe URE 7 Rg a ao 39 
slapat N12 SS ACU al hk SOU VEO) ee ee 40 
Das POM UA eras LOCA etl, dl 38 
NUE PUI eae Jom naa aM AH ves E) Ok aihy 89 
eg stg Ea YO a COLIN Ng Oe 38 
eT). imation FN hell CN UCAS Vint BN A CEA ta 40 
PES Tol NES AEE T A tees ORC  g 38 
1892 
Ce WS LTS al Mai OL Se FA Re oP 38 
Pe MNR ALONE CALNE Um MMO Snes wlll Whe eal UU oto 36 
eR Ce AO URS DONE ee OTR Atal A 38 
iE. tig aa SNA cH SSR a RNa ET RO 49 
Cp MOALMSD Ws es WAL SEE ares on IW ual we EIN AD VA 38 
POAC SIRENS ETRY WU 0 Ra Mo een we Me 36 
TOWN SS PONY Nadi A TASS et cae b NW ae Gn ee 39 
FLYNN SESE NEQUE TUR ge 00) A a AR A Oe 38 
PATA reer MeN ee ee LN a ALI a 2 hide 40 
LD) bs A CG te aa UE ly Re a a 88 
I Nota Gale SERS WNIT I ad Bn AE NR 36 
JUTE SDE acy HEI RN SOs A a a 40 
2a = N\A ZR on CRA RAC at 38 
Petcare WON US SARIS CONVO ERD UN See a ee 40 


1892. 

SZ WAR WAT ait WRU RA RE ARAMA A KS DS Bl toi ely eet ted ah 39° 
2 EAR olga aaa DN diet eae Ea Rp aa gy Aaa 42 
Peds PAAR SU LP eg at RU ea aot OR alga Roe Mpa Wee ey ey RAN 40 
48 Pie SS) AP 0 UNAS DANS MA ai eg «Aral A Sy Wao ee 41 
7105 9 Ra UA ne Gta ue paigtim miata cs lau ccloset aes Ye) ied 42 

De 0 Fy Sei Balen Oh eek aed SRW OS UN TAC Nh SA al cpt yt BOT PN 40 

SEIU] Ae tess Cy TB gS eA MAC ANOP A wT Sr Sedu LI 36 
sll ge SYIG8 APN AERC UE ee ROTM St Se amie Vy Bf esa US La at erp 85 
aE T i ALMA eRe Ge es re Maeda TN Saou 86 
GER i ality OHO ue Hack LINO! SON Rv RU, Se MRL RCL 38 
f 8 Mal AR ANAS ao OCR IAN eas es Se a ages EPP. 40 
ROI BA B at Fi (oop auciteey Di ates bites OD do WE AAW 38 
gE GPO IRN ace Cae yee Hab MSS se ae fa AI AMS Se 40 
a Ta HBA WA irene RM Sai ahi sn ate okt 88 
AA Renee lini A ANI LON Ree dl tng als Mai AIS, ae le MN 36 
EO MO hes a a TEAL AN EWE Bes VEL NRBE Wales 40 
QO MN RA ree NaN OF SOLON MN cra Heh are a 38 
ZA ENS RUN ual banat AY ues ANY nawktok this Lacy ini Sallam Rie py 40 
DLs aS aar Wei TRY oe MRaN KP ARO: DAS 2 he LAW OIA a AIA 39 
DG Rae theta) Wea ha eV aa aie ore it yeah 42 
PA EE Pte AAR Pe ee dass ML TW he a tals Oe Bell Rey 40 
Maris =o oe econ eatin. En athe LAER ER el WUR Tice oe 
Stans TP 8 02 AE GSE A EE Ua RT es OC AS 39 
EPO Meo ER UCT, NEI UM SIA GAMA ree eta ean 40 
es ei a AEN I TU AD lee MD Ah 39 
PeOiienniny tk eri ee Die uencwae Choe adie "su wena tate 40 
4 1) Wootten ih MURR pean Oey SPR Heed DOR UN eae NTA Ra 38 
gy DiS UM UIA RP agece) AUNTS Qe Nae pk inca 40 
DO ROUEN CoE Ni arse Bao gL LMS Oe Map StR OMAeN AEH 42 
PST Ssy OS CRM AiS YM eS eae eek ea Senge wD NUL 40 
1 Las (RL Eat AW Ue MOM AGO car eCPM RES Afar Sta SEND 38 
NTRS OLE ON, Oy ea NT ete SOR REE sean in CA ey 39 
BOSSA) OP PER aaa) Dk Ie Uv Woe oie NUP 38 
BOR2 Date Soll Uae cs bS ah Bios iii area ate 40 
SBS EN PRC ONC ie Weta eat SANT og SACL a Pd a 4t 
os WALL EAMIMAN SRE MARU R ARON ARBRE Ug rst Ue Uh Pe a arg 39 
ek MUO PAE URN a ARE HAE Me he Ree Mm EN 38 
Sys Mee ny UN CARMA LONI Wag 2 ig a a rea Bee OA OAT Coit eR 39 
DO UNE DN eS, BRS Pe UME a CERT ae hg te 4 38 
7 orc RAM Ua SEY tench UM CANE SLIG BAN. Waste) SN aS ed Ie URN 40 
Baia Un AC PENS NAU MATSUURA Se alec Ran PAD 39 
FU YUVE OR RETRY LIP SAD) Ra ON AN i HRS a oe TSG UAT 40 
SUS UM MAPLIN OP PRCA UN ar tes irae Ure M RRL, 38 
DNS 6y A IMT Miron SANA ly Sh} RR GIT OUR YEG Si cP WAR GAN 39 
re Ha US YA tea OL CORNY AAAI aU OAMARU TSA LBS RLU Nal Uh LA 40 

RDM a st hah WR NS Oh re Sa EC OR eae Sn eB SNE 44 
BEA ey ts ANC Led Polen a, UPND Rn URS NI PD ad apna et CUE Fa 42 
GET ETA IND Si NI SIONAVINE TER esi DA UTAN Say tic ANY CARL RR UNA 40 
A AMANIES ek ABA COI oontetdba ie gra Men oc OR ASU MS BOM 41 
B10 eR Ne NY Gey RN Bee A VT allie 42 
ofa ASE NG la PANE GE TM SMR Ssh ge OM 43 
p BE RUSE BOSC ate ee ALU US eh eto oh catia aM 44 
he MORN oats NCG, Sot a Me TL Vad TI to it USC MAN 42 
6 ESV asd le AA SD SUA RUM Weft lac OOCN NP Ub UID lhe UR SRV CAN Hert Lig ae RM 41 
2 |b Seat) J ANIL As STA NO eed RR PN La Dal gM Nl 42, 
1A 3 OP AUS RM SEND Re NT A) A) toy gi che a GN tM 44 
7071 WRG RMAC CRON ARE USO VME STR NC ssolte Men te TGCS. 43 
DO TO AU Ae DUR AWN INAlL UAL Qilcyry May Cllalle S BAER REN A 44 
a eS UALS Shee RD ab Ae Lr cl pe a ae SE a 43 
2.0 ei Gleb WIE aR NHN MRP aE Ue APPS A ak CN ies NN 44 
TSO aE ASE a NM cer Ne ON Jak Ea Meh ORS RNR SK 43 
SORTA TEN AS TU INES Wee Ra te aM Sa MA pte 44 
a Des age ps Reet ERROR aaa MN URED RAL MS gS RF Ba LA ce OPS RS 42 
Paseo Ui Mai IER WA HIND AN ed NT Ud Mes, lees Suey Cal . 43 
RE Hythesl cates tate HH Wig ane BN Tae TEL ROSA He ROMA e Eas 44 
TNE MS OT ORCS ME eee UN 500) 5A ny ats NLC 45 
SST AR Alaa ewe ladey WIRE Ain gt WA DON ARAN PERO en Oca ul 43 
a (by Me Sethi tae oh MRM ral AMOR DRU Ie P TRCN. inact RED cn Eh 44 
PD eT dy cfr cr ANAL MALS Renate s ACI etl Tet DD Reda 43, 


 Raeeeeeeeeseeseeeee 


INSURANCE. 


DETROIT STATION. 


LE ET OS TESS OA TO ESTO STI Oe a NAO KER RUAN TEN a 
MPEG UG NGYERYE SCS PEN ge fs MMe ul Baal ig BS gals agli pc CRE ae tO CR ek re RS A MSO 


REALE RE OLELETSE IO TIRO ert PAN LIER pet ie oe ere Or a an WR itn gO AIO Te AA IES 
REPSICORLCLETUETE ODT TT ERTL ee pea, ol ace TRU RCE yc WAN iy cum Ao Og ee i vee a 
Prise periironde;:itr a TOSienCe ik taeda ne Mew CA OU) ue ht 
On superintendent’s barn ________.____------ NA MUOODS Co Nee OSEAN NEU: Tata saerbiatne 
On wagons, jharness, Ue SPE Deans Push era ca A Ne ENON Ee geod Arn Rea MN Redes PENS in 
natIVeTeOeT REEORICONCO weet ae ee EA Lae RE ER Tee eh eda a) Ran pee 
On trays, troughs, etc., in new hatching house__-___.__--_------.-_.-----2+---+------ 
Onvmravsxtrouchse.c,. 10 old hatching house... 802.3) ee in ai 
2 TSA ELVES 80 re wh SIE AR i ay at gt IT ae Pao OU RON a age” AAT COIR Ree LIPO AUD eA ge 
CNIS GURUS Sofeh a8 hfe) a Uy eee RDN aS NG USES 2 Paha URS ech WR ASBI EN Ad LCA eG ely DL ge 
On office furniture and fixtures PCE POOUBTATE SULO Dye Sty haath RON EBS MT VP VE Ce 
COST STEEP Topo, Wale Se TN Sale ARN NUE eh SSeS eh 8 i ONE RL eS OR RN Din A meee 


oe 


= 


158 acres of land with overseer’s dwelling and meander of Ghose creck... Bea 
ocala house Ni 


Apparat tools and camp COmbhh 2) ene ave cee NE NR 
Pump logs 
Windmill, tank and connections - 

Ponds, races and other repairs to ponds____- 

Office furniture and books 


‘Car: for transporting fish 
_ Outfit, curtains, lamps, stoves, bedding, etc. 


DETROIT STATION. 


\ Ganon automatic jars 

- Storage tanks and connections 

. Steam boiler, pump and connections_______.--_-...-_-____-_- Bens Seaperryuacas Elis yea ies 
“Apparatus, tools, furniture, fishing outfits, etc. ‘ : 


"Whitefish tanks and ‘connections 

- Trout tanks and connections 

Chase automatic jars, complete 
Fish and egg trays 

Tools and furniture 


- Fish house, tanks and fixtures 
ial (Cais cok ca RE a ey Cee Oca OLN AY ee mr ee Erin er iS 
oe screens, nets and tools 


Total_. 


Furniture 
~~ Library ._- 
Record books and stationery 


iP Fishing Ae at Took lake 
Glenwood station 
_ Seeretary’s office 


A Se lee TREASURER’S REPORT. 


Report of Wm. A. Butler, jr., treasurer Michigan Fish Commission. 


a 
Nimes eet TOO. 
EELS, 3 Yo rea eer eae CASIO TAAL tina n ete er tire ert Ta LM aah COR OEIC UR ten Uit bie WU) eas Nad 1 $676 30 
; EPO State ETOnSUTOre. Wicmuaim UO TG Cw nis eiey LEAN UE ANU Scythe Sen 5,638 13 
EMO MPO LOM: SOULCAS week eth eal as) c thie Seer AERO Les ie Lei gw 1,298 88 
Wee erg sts ola MBseheard AER Gis PNG TEES eR AIR De Ad ail ORO RCL eas PEL ON, VG At op $7,530 81 
TREO Eg hc so Bend SES Wa Verein ele tele geste ANA Poy RN ee RD FIA OR RGU Tee pesto ae cyte BeSonic i 80 50 
$7,611 31 $7,611 31 
1891. NSN ae te CTE eae 
PAT he a2 SER SL el fone Cha esha LO (AD AM IAw AL OA Poa Wee Mies UL RENN ec RDI esol WEAR ba NEN oe UE $80 50 
PONE EGO OASELP OT Ve ial neeti nis Oy oat ie. Nine MUN eh ie aa SEN 5,638 12 
EO MOUNEM BOMLCER ie net Noles Ula notty auihla Ne Ty NbN Ty eg ad 30 66 
Ee MEER Aa tyne el oy koreunte OM RS Pe Ee ee ue oe $4,928 41 
ec Cee UUme ere ey Urine na Dae LUNI WOM ie dkg Ure ay (SR SEU MO Uc Sea ee 820 87 
$5,749 28 $5,749 28 
HA pry bei, CEP G) Tepe Cd ORE ROLB DI co Labane eri MIAN Hea ernli As hie SiC ALCS cls LS aes aS RID a sm ea $820 87 
CST SLELE: LL GOST TO I aera i ers rl Cr RRA MNT Mu Uae ees ER EE a 5,688 12 
POEM RINIC Lon ie. TO At ol: sued het ey SOG 2 eae a Le ales $6,449 66 
Osprey Gig, 8 BREN Pp Vars) Gn Wie soi PUGS aR ian wc TU) os IIa ee Mi PNR Rt ACR NR Pe aa Roce ae ces 9 33 
$6,458 99 $6,458 99 
uly Ais 2} OAS LaWT TOW desk a1 fo wee th ah Mar RAS Sar MoS ST REAL abet: 2 eM Cri rea anon Le SOLU CNR aM $9 33 
FETE SEAT MT OUST ED Giri yee clue NES ysl CN NO eens he AEA ALG BOOZ UT, 6,870 75 
SHAN TTSA CE ENO TVS OLE CR rte oe tr AS OA APE ANC an a, ea 350 00 
ENUF aN Sabai as Lied eiQaglgil a cesta Rp (ON IND Were A UDA eA I DRE LR CVE Rl pa Mati CaS STL $7,649 14 
BpiEee er AInTLOe OVOTUTAWN oY Lacdocr leak oe oun ee Ue ue 419 06 
$7,649 14 $7,649 14 
clits LO PALATE VRC AW TH teint a eA cla ANN Avan EM yas UL EDL A Phd cas MI CARE ae MS date $419 06 
; PEO LPNS CLO LL EHOUET OTe ose ie ny MR eaten UE ea) eal ald ae ee ea $6,870 75 
HIV OUAUTLOT BOUT CORR cere Ln oa etek Ne tod Un EN OR Ea Nis SU eT 1,975 34 
PUTTER SE SEATER Ce eri) dak te cee Tne UR SE ae eG SA este ok She ct 8,017 16 
TOS SE ea CROs A Ss PE Ba] Se ON I LES GAS ta avueg GOAL STATS A tO Nm EU AR Oa eA AU Gel gS ES une 409 87 
$8,846 09 $8,846 09 
1892. 
VE FTE TE oases AMAT OOEET A aafgy GV AYE 6 (8 See MIR NAM tag gl en RTD OE PORE oR A a pS cn $409 87 
PE POR ES TALOML POOBUTOI eGo uelis a ue ABO LRR ap Noa he alee MAN EUR Seg 6,870 75 
Vouchers) paid oo se eae LSE MT Baas dS tat Mi Been ON ENGR NAR LF i San AS pM ay HR NR Loy SD Yi $5,541 68 
PBT re TE ERENCE! SE TON TD SOIT WMO ie ts Se PADIS UOR Ron as ENR PAN eNO rN pe Ee A aes) 1,738 94. 
$7,280 62 $7,280 62 
pre ee a Gash on (ates ees Wank atts RA" OU e A teh alla SN AA al Ne ELLOS) Ngee ARS rs ANA $1,738 94 
EPO TALC. LTGHRBPOM sec immo nae ieit w ECUie NAVA Mem Oy 6,870 75 
PCG LO OE BOMTGA MN ir emir: Oo Sania) ORANG I al a Ac Se ea 42 39 
eat WAS Lefty spe ate we arp ARN SU agit ek DeaditeaTOAAS iae  LG  ee epee ad |p liao ea oA $7,467 77 
SURO RIANGG re ata Veal OL te eae a ae 1,184 31 
$8,652 08 $8,652 08 
Mey Loo EIT Poa a Wake sae begs male UCAS ete UPN AAU SUIS AMS WES sa 0 SO AOE AR LCL Ne $1,184. 31 
Oa eS GEO OABUIP OE tes cee SO ee Gil te Yi ORs! Be ou ad 6,870 75 
TOMO THOM ROUTCORLG ber ee anm en Ise iis Mig re er see Ue AUN Ue Cae 16 00 
Ge iybed ta eye ovo U te AURA BW Dado HED A SAME mn ERS AUD SVS, AL CAge liga MPa eSEN ru Sen. RAE DEN Cy $5,050 37 
Ci oe EERE. (cAI TRIE Ge SSIS TESA OS MeSH NZD ecg PRE DOE Speen ove lear ONU LSD Lain 8,020 69 
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LIST OF FISH COMMISSIONERS. 


A last of the names, addresses, and termination of appointments of the Fish Com- 
missioners of the various states and territories of the United States. 


ALABAMA. 


(First commissioners appointed in 1871.) 
Has no comm issioners. 
ARIZONA. 


(First commissioners appointed in April, 1881.) 


SE irri ear EPO Ns teh, a Mig Pan ey rately Maes rear NP Ue AR PR (1) 

OE PARLE Fah Gab Cems DRA MY Be BU ORN adip eaegereG ARGO ik Miva, ote! ge Bea EAB y sSiCeclE eg 8 

PEN GIS STOR OO bt ben ee a al he NS ead Sata el ea a 
ARKANSAS, 


(First commissioners appointed January 25, 1876.) 
Has no commissioners. 


CALIFORNIA. 
_ (First commissioners appointed April 25, 1870.) 
Joseph D. Redding, 37 Chronicle building, San Francisco, president______________ 1) 
Pe MO NGI LB AMP O1OS;; SECTOLALY soc us Mle i oh 1) 
Py ueec.. Murdoch, San. Eh rancisco, treasurer. (2) 02.02. ee 1) 
COLORADO, 
(First commissioner appointed February 9, 1877.) 
No return. 
CONNECTICUT. 
| (First appointed September 11, 1866.) 
R. B. Chalker, Saybrook._______- Recrat i ene Kee ene Umer 1d ee ale aN June 20, 18938 
sat pool tM By ian eG aah SOS Sa negli EMR ea i August 26, 1893 
William 8. Downs, Birmingham____________- PASE SRE A We aeRO EAB July 1, 1894 
Commissioners of shell-fisheries. 
. (Commission authorized April 14, 1881.) 
LEIP Arete Ww Monch hl Aten Ot oe Ut es Mine July 1, 1893 
PV EG ESI GE DOLh i Ske Ne uty a a July 1, 1895 
Peeniounw.seardsioy, Milford: ou i Jo colegio abe 118065 


Frederick Botsford, New Haven, clerk. 


(1) Holds office at pleasure of governor. 


:mes Milligan, Golnears City. aie cs ae 
(First commissioner ‘appointed - Se 


d. HL Smith, Titieville: ee ae NS 
igh Sellars, Pensacola: oo ae i eae Nea 


a 


Moseley, Palatka. ERR a a eae eae aie = ce 


GEORGIA. 


bet H. PGA La Grange th Gees 
_ Hon. R. a Nesbitt, Pai Gee ceenam Chun eo 


t 
~~ 


IDAHO, 


_ Has no commissioners. 


ILLINOIS. 


(First commissioners aes May 20, 1875) 


YN K. Haibane: Chicago; presidents Yossie Ue woes 
_S. P. Bartlett, Quincy, secretary. 
_ George Brenning, Contralial ssi) 


INDIANA. 


ea ‘(First commissioner appointed September, 1881.) 
>W. T. Dennis, Richmond_________. 


(First commissioner appointed March 30, 1874.) 
T. J Griggs, Spirit bakeoes Co esi eu i a 


KANSAS. 
(First commissioner appointed March 10, 1817, oe 
oy as Aragon. Harske 2 
KENTUCKY. 


(First commissioners appointed March 22, 1876) 
Has no commissioner. 


LOUISIANA. 
No return. 


MAINE. 


Commissioners of fisheries and game. 
(First commissioners appointed January ih 1867. 


ip M. Stilwell, Bangor UN aig DRONA: a aU eee 
H. O. ey, ‘Distield 00 eee | HASTE 


: Commissioner of sea and shore fisheries. 
B Ww. Gould, Searsport._____- 
—( Pleasure of governor. 


* Resigned January 10, 1893. 
ee January 15, A808. 
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MARYLAND. 


(First commissioners appointed in April, 1874.) 
PACHA rOWwnii, ClaKiAnd. Secs oot te twee ae ON March 2, 1894 


Bien al Sudien Mangkinc Scie aa March 2, 1894 


MASSACHUSETTS. 


Commissioners of inland fisheries and game. 


(First commissioners appointed May 3, 1865.) 


Reardon atATon: Sprineield. vor eA ko oe CE June 30, 1894 
Teamarg A esrackett, Winchester ss) os oe ee October 9, 1894 
MOIETY GUN ge Weleeta ii Oe PN No te October 23, 1894 
MICHIGAN. 
(First commissioners appointed April 25, 1873.) , 
EAT COr serra TA DIOS. ese ac i ad se So January 1, 1893 
OS ILS 90 Ue MEET SG tS Le ER LO oer SRE MA ts oN oa January 1, 1895 
PGP TERM VWRALN Ker IOLA eta Te eT January 1, 1897 


Officers—W. D. Marks, Detroit, superintendent. 
George D. Mussey, Detroit, secretary. 
William A. Butler, Jr., Detroit, treasurer. 
MINNESOTA. 


(First commissioners appointed in May, 1874.) 


No return. 
MISSISSIPPI. 
~ No return. 
MISSOURI. 
(First commissioners appointed August 2, 1877.) 
Pe eer ECOLSso. POSED. Yo tsie So Oe et DO dee January 20, 1893 
See maC tran Annas Cire we ay os ei January 20, 1893 
Me WArecUnnINg HAM, JT be LOUIS 2c ue ie a January 20, 1893 
MONTANA. 
Has no commission. 
NEBRASKA. 


(First commissioners appointed June 2, 1879.) 


No return. 
NEVADA. 
(First commissioners appointed in 1877.) 
Dement nen steno Crib oh eee MN Nba aR ae "ae (1) 
NEW HAMPSHIRE. 
(First commissioners appointed August 30, 1866.) 
PIO OOE VIOLA oc a es ee June 1, 1893 
0 NE CORE EGS cote BIST 0T EEC) APS aE Re 0 ap Pil A RI AR June 23, 1893 
PesOuaton WOnUWOrth, HUGSON Ms le chs Lo December 2, 1897 


(1) Term of office four years. 


29 


G eorge Pfeiffer, Tr ‘Camden, chaiiak ‘ a sree 

%. D. Foote, Morristown, secretary ----..-_ - 
Parker W. Page, Summit i 
one Maskell, Morristown, fish and ganie protector. 


Onna. no fish commission as such. The Ses aoe Supeored Woke 
entitled “An act to provide for the protection and. propagation of fish,” p 
the governor shall “appoint fish wardens in each county of this territory ho hall 
their office during the pleasure of the governor.” Under set act at ares hay ©) 
pepomted. 


NEW YORK. 
(First commissioners appointed ne ek Des ‘1868. Be 


cs D. a hutington, New York, President, 
eee P. Doyle, New York, Secretary. — 

W. H. Bowman, Rochester. | 

A, Sylvester Joline, Tottenville. 

_D.G. Hackney, Fort Plain. 

Robert Hamilton, Greenwich. 


NORTH CAROLINA. 


(First superintendent of hahertes appointed nae 2 187 m1) 


i 


No return. 


NORTH DAKOTA. 
! Has no commission. 
OHIO. 


(First commissioners appointed April 1, 1879.) 


CY. Guhoine: Dayton, Bresilens 

- James A. Henshall, Cincinnati, Secretary. 
B. D. Potter, Toledo. 

_ J. H. Newton, Newark. 

Wm. R. Huntington, Cleveland. 


‘ | OKLAHOMA. 


No return. 


OREGON, 


a S, Campbell, Retin Ol 
_ F.C. Reed, Astoria, president 
ayes iD, Myers, Fortland. 
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PENNSYLVANIA. 


(First commissioners appointed April 15, 1866.) 


cd 


Pe Orde nusdel pig presidenus 8 sucker le te ie June 1, 1893 

2 Per POM bil, tutnOBstersSOClOUarYy coy. y cu eee oe ol June 1, 1893 
_. George H. Welshons, Pittsburg, corresponding secretary -..._-.-_------- June 1, 1893 
i Pew. Dowell, Harrisoury. treasurer. 50 ele ‘__..June 1, 1893 
ry nla Well Craton. ov ct so eh i June 1, 1893 
sy el OT PEST 2 Sac hd SP ai 8 em gi UALS AL Si EO ePaper a June 1, 1893 


RHODE ISLAND. 
| i on (First commissioners appointed in 1868.) 


Commissioners of inland fisheries. 


Henry DERE EC PPCLON GEN oon A ee Gi Nig INCH oh By ee rae June 20, 1895 


Seeeeran | Moron, Olneyville-. yore Yee a June 20, 1895 

Wee Ie SOUtRWICK,NOWDOPG 2 bes Js aN eee RP La June 17, 1895 
Commissioners of shell-fisheries. 

‘ a James C. Collins, Providence, commissioner and secretary ____...__..._._.. April 22, 1894 

bigwi'h James M. Wright, Foster Centre, Asst. commissioner_____.__.___._.__.... April 22, 1894 


George C. Cross, Charlestown, Asst. commissioner _______.__..__-______-- April 22, 1894 


SOUTH CAROLINA. 
. (First superintendent of fisheries appointed December 23, 1878.) 
No return. — : 
. SOUTH DAKOTA. 
Has no commission. 
se TENNESSEE. 
Naas (First commissioners appointed January 14, 1877.) if 
No return. NS 
TEXAS. 
(First commissioner appointed September 26, 1879.) 
Has no commission. . 


UTAH. 

< i (Action regarding tish culture dates from 1871.) 
ay _ No return. 

7 ) VERMONT. 
ws . (First commissioners appointed in 1865.) 

th sty i 

fe + John W. Titcomb, Rutland__....._.-. SU es. ACM 22) AND OM OS TPS fall 1896 
ARS: en EM EUR ALOE AUP ues yr yy Ne i i he a gall Bee fall 1896 
BG VIRGINIA. 
Ne une : (First commissioner appointed in April, 1874.) 

EY DCI TESIOCOLOWN) cts ee i oe January 1, 1893 
: WASHINGTON. 


(First commissioner appointed November 9, 1877.) 
No return. 
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WEST VIRGINIA. 


(First commissioners appointed June 1, 1877.) ie 
White, Romney, president. 220020250 polio 0 So as ae ee 


C. 8. OA 

PY), Baxter, Sutton, tredsuret: oo Yi Ce ean April 17,1894 

N.C. Prickett, Ravenswood, secretary... 200 2: A pril 17, 189400: 
WISCONSIN. | | 


(First commissioners appointed March 20, 1874.) 


gop 


Philo Dunning,’ Madison; president.2242 0 oo I April 1, 1897 
i VoUN; Carpenter, Milwaukee.) ries ea i OSS eee April 1, 1897 
C. Li. Valentine, Jamesville, secretary and treasurer____--_____. April 1, 1893 
Wark (Douglas, ‘Melrose 2.2200 kb eae ee Se big Dsus 0 _April 1, 1893 
Calvert Spensley, Mineral Points.) i wu Se ea April 1, 1898 
Deo: Piogan, dia‘ Orosse ei 20 ee Os Een ne ee _April 1, 1898 


The governor, ex officio. 
WYOMING. 


(First commissioners appointed December 13, 1879.) 


Gustave Schnitger, Liaramiens oe dco ee Ea era Te 


(1) Pleasure of governor. 


Tinea 


_3 0112 098993824 


